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Summary 
Two types of investigations have been recorded in 
the two different parts of the thesis. First part deals 
with the identification of usual fatty acids and charac-
terization of several unusual fatty acids of different 
indigenous seed oils. The second part relates to the 
results of synthetic work on long-chain fatty acids. 
Part One 
In continuation of the chemical screening programme, 
a study of 35 seed oils from different plant families was 
undertaken for the examination of their gross fatty acid 
profile. 
1. Minor Seed Oils 
The chemical screening of seven seed oils, namely 
Swetinia mohagnii, Qracinia indica, G. camhogia, Alstonia 
venenata. Gardenia turgida, Mecaranga peltata and Aenarie 
serpylifolia have been carried out by various chromato-
graphic and spectroscopic techniques. The oil content varies 
from 75.0-4.5?f. Three species S. mohagnii, G. indica and 
G. cambogia were oil rich (75.0, 62.3 and 50.2^ respectively). 
ii 
Palmitic, stearic, oleic and linoleic acids were found as 
common constituents of all the seed oils. In G. indica. 
the linoleic acid was found absent. Oleic acid (^ 6^49^ ) was 
found predominantly in A. venenata seed oil. Combined 
oleic-linoleic acid contents were notable in five species 
(A. venenata. A. serpylifolia, G. turgida. S. mohaflaii. suad 
g,. cambogia) ranging 68.7-93.^. 
Physico-chemical analysis of eight leguminous seed 
oils (Butea mdnosperma, Mucuna imbricata, M. prurita, Albizia 
lucida, gassia alata. C. fistula, Crotolaria neglecta and 
Acacia torta) have been carried out with the help of UY, IR, 
TLC sind GLC techniques. All the seed oils were foujid in 
good agreement with the general fatty acid pattern of Legu-
minous seed oils, as linoleic-oleic-paljnitic type. The fatty 
acid composition of four seed oils, C. fistula, M. prurita, 
A. torta and A. lucida compared well with that of the con-
ventional cotton seed oil. 
2. Seed Oils Containing Epoxy Patty Acids 
Twelve seed oils, namely Acacia cochlearis. A. 
minhassi. A, intsa, A. fernesiana. A. mollissima, A. 
leucophloea, A. latronum, A. Senegal, A. eoriacea, A. 
sundra. A. pennata and Blepharis edulis were found to con-
tain 8.5, 8.2, 7.1, 6.5, 6.2, 5.8, 5.7, 5.6, 4.6, 4.5, 3.6 
and 12.7?^  (coronaric) acid, respectively while the oils of 
iii 
Carthamus oxycantha> Onooba splnosa and Llnum grand!florum 
seeds contained epoxy (vernolic) acid 20.2, 6.5 and 4.85^ , 
respectively" in addition to the other common fatty acids. 
Direct acetolysis of oils followed by saponification yielded 
corresponding dihydroxy acids which were characterized by 
spectroscopic and chemical methods. Quantitation of epoxy 
acids were carried out collectively by GLC and by HBr-titra-
tion at 3°C. 
3. Cyclopropenoid Fatty Acids of Abutilon ramosum 
and Salmalia malabaricum Seed Oils 
The positive Halphen test and the spe(gtral data of 
A. ramosum and ^. malabaricum seed oils indicated the pre-
sence of HBr-reactive cyclopropenoid fatty acids. GLC ana-
lysis of their silver nitrate-methanol treated methyl esters 
showed the presence of malvalic (2.4?^ , A. ramosum; 9.8^ ,^ 
S.. malabaricum) and stercullc (1.9?^ , A. ramosum; and 6.3%, 
S. malabaricum) acids. 
4. HBr-Reactive Acids of Sida cordifolia and 
Hibiscus esculentus Seed Oils 
Seed oils of ^. cordifolia and H. esculentus were 
fotuad to contain both epoxy and cyclopropenoid fatty acids. 
5. cardifolia contained malvalic (12.6?S), sterculic (14.5^) 
and epoxy (coronaric) (12.4?^ ) acids, on the other hand H. 
IV 
esculentus contained malvalic (0.9^), sterculic (0.3^) and 
epoxy (vernollc) (10.1?^ ) acids. Characterization of HBr-
reactive acids was carried out by chromatographic, spectros-
copic and chemical methods. 
5. Hydroxy Acid of Semecarpus cruzii Seed oil 
S. cruzii was found to contain ^0.^'fo of 9-hydroxy-
cis-12-octadecenoic (isoricinoleic) acid, previously xmknown 
in the family Anacardiaceae. Identification was based on 
chromatographic, spectroscopic and chemical methods. 
Part Two 
The second par t i l l u s t r a t e s the r e s u l t of a synthe t ic 
reac t ion on long-chain epoxy and o l e f i n i c f a t t y ac ids . The 
s t ruc tu res of the reac t ion products have been es tabl i shed 
by combustion and s p e c t r a l c h a r a c t e r i s t i c s . 
Synthesis of Long-Chain 2-Oxazoline 
Reaction of methyl 10,11-epoxyundecanoate (1) with 
a c e t o n i t r i l e , p r o p i o n i t r i l e and benzon i t r i l e in presence of 
BF-T-etherate, afforded corresponding 2-oxazoltne (2 , 4 & 6) 
alongwith one hydrolysed product, hydroxyamide ( 3 , 5 & 7) 
in each case (Scheme 1) . 
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Synthesis of Long-Chain 2-Oxazolidone 
Treatment of terminal epoxide (1) with p - to luene-
sulfonyl isocyanate in presence of DMT (Scheme 2a) yielded 
2-oxazolidone (8 ) , subs t i tu ted 2-oxazolidone (9) and p - t o l u -
enesulfonajnidohydrin (10) . The s imi la r reac t ion of i n t e r n a l 
VI 
epoxide (11) afforded isomeric mixture of substituted 2-oxa-
zolidone (12) and p-toluenesulfonamidohydrin (13) (Scheme 2b), 
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Synthesis of Long-Chain Thioethers 
Formation of thioethers (16 & 17) was affected by the 
treatment of ricinoleate (14) and isoricinoleate (15) with 
3-mercaptopropan-1,2-diol in presence of BF,-etherate 
( Scheme - 3a) . 
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A s i m i l a r t r e a t m e n t of l i n o l e a t e (18) and p e t r o s e l i -
n e a t e (21) y i e l d e d i s o m e r i c e t h e r s (19 & 22) and t h i o e t h e r s 
( 2 0 , 23a & 23b) (Scheme 3b & 3 c ) . 
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Summary 
Two types of investigations have been recorded in 
the two different parts of the thesis. First part deals 
with the identification of usual fatty acids and charac-
terization of several unusual fatty acids of different 
indigenous seed oils. The second part relates to the 
results of synthetic work on long-chain fatty acids. 
Part One 
In continuation of the chemical screening programme, 
a study of 35 seed oils from different plant families was 
undertaken for the examination of their gross fatty acid 
profile. 
1. Minor Seed Oils 
The chemical screening of seven seed oils, namely 
Swetinia mohagnii, Gracinia indica, G. cambogia, Alstonia 
venenata, Gardenia turgida, Mecaranga peltata and Aenarie 
serpylifolia have been carried out by various chromato-
graphic and spectroscopic techniques. The oil content varies 
from 75.0-4.59^. Three species S. mohagnii, G. indica and 
G. cambogia were oil rich (75.0, 62.3 and 50.29S respectively). 
ii 
Paimitic, stearic, oleic and linoleic acids were foiind as 
common constituents of all the seed oils. In Q. indica. 
the linoleic acid was found absent. Oleic acid (v--649S) was 
found predominantly in A. venenata seed oil. Combined 
oleic-linoleic acid contents were notable in five species 
(A. venenata. A. serpylifolia, G.. turgida, S, mohagiii. and 
g.. cambogia) ranging 68.7-93.6?^. 
Physico-chemical analysis of eight leguminous seed 
oils (Butea mOnosperma, Mucuna imbricata, M. prurita, Albizia 
lucida. Cassia aiata, C. fistula, Crotolaria neglecta and 
Acacia torta) have been carried out with the help of UV, IR, 
TLG and GLC techniques. All the seed oils were found in 
good agreement with the general fatty acid pattern of Legu-
minous seed oils, as linoleic-oleic-palmitic type. The fatty 
acid composition of four seed oils, C. fistula, M. prurita, 
A. torta and A. lucida compared well with that of the con-
ventional cotton seed oil. 
2. Seed Oils Containing Epoxy Patty Acids 
Twelve seed oils, namely Acacia cochlearis, A. 
minhassi, A. intsa, A. fernesiana, A. mollissima, A. 
leucophloea, A. latronum, A, Senegal, A. coriacea, A. 
sundra, A. pennata and Blepharis edulis were found to con-
tain 8.5, 8.2, 7.1, 6.5, 6.2, 5.8, 5.7, 5.6, 4.6, 4.5, 3.6 
and 12.79^  (coronaric) acid, respectively while the oils of 
iii 
Carthamus oxycantha, Onooba spinosa and Linum grandiflorum 
seeds contained epoxy (vernolic) acid 20.2, 6.5 and 4.8?^ , 
respectively in addition to the other common fatty acids. 
Direct acetolysis of oils followed hy saponification yielded 
corresponding dihydroxy acids which were characterized by 
spectroscopic and chemical methods. Quantitation of epoxy 
acids were carried out collectively by GLC and by HBr-titra-
tion at 3°C. 
3. Cycldpropenoid Fatty Acids of Abutilon ramosum 
and Salmalia malabaricum Seed Oils 
The positive Halphen test and the spectral data of 
A. ramosum and §. malabaricum seed oils indicated the pre-
sence of HBr-reactive cyclopropenoid fatty acids. GLC ana-
lysis of their silver nitrate-methanol treated methyl esters 
showed the presence of malvalic (2.4?^ , A. ramosum; 9.8?5, 
^. malabaricum) and sterculic (1.9?^ , A. ramosum; and 6.39^ , 
^. malabaricum) acids. 
4. HBr-Eeactive Acids of Sida cordifolia and 
Hibiscus esculentus Seed Oils 
Seed oils of S. cordifolia and H. esculentus were 
foxind to contain both epoxy and cyclopropenoid fatty acids. 
S* cardifolia contained malvalic (12.6?S), sterculic (14.5^) 
and epoxy (coronaric) (12,49^ ) acids, on the other hand H. 
IV 
esculentus contained malvalic (0.9?^), sterculic (0.3?^ ) and 
epoxy (vernolic) (10.1?^ ) acids. Characterization of HBr-
reactive acids was carried out by chromatographic, spectros-
copic and chemical methods. 
5. Hydroxy Acid of Semecarpus cruzii Seed oil 
S. c ruz i i was found to contain 10.1?S of 9-hydroxy-
cis-12-octadecenQic ( i s o r i c i n o l e i c ) ac id , previously tinknown 
in the family Anacardiaceae. I d e n t i f i c a t i o n was based on 
chromatographic, spectroscopic and chemical methods. 
Part Two 
The second par t i l l u s t r a t e s the r e su l t s of a synthe t ic 
reac t ion on long-chain epoxy and o l e f i n i c f a t t y ac ids . The 
s t ruc tu re s of the reac t ion products have been es tab l i shed 
by combustion and s p e c t r a l c h a r a c t e r i s t i c s . 
Synthesis of 3Jong-Chaln 2-Oxazoline 
Reaction of methyl 10,11-epoxyundecanoate (1) with 
a c e t o n i t r i l e , p r o p i o n i t r i l e and benzon i t r i l e in presence of 
BF-z-etherate, afforded corresponding 2-oxazoline (2 , 4 & 6) 
alongwith one hydrolysed product, hydroxyamide ( 3 , 5 & 7) 
in each case (Scheme 1) . 
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R-CN 
B F , - e t h e r a t e 
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S y n t h e s i s of Long-Chain 2-Oxazolldone 
Treatment of t e r m i n a l epoxide (1) w i th p - t o l u e n e -
s u l f o n y l i s o c y a n a t e i n p resence of DMT (Scheme 2a) y i e l d e d 
2-oxazo l idone ( 8 ) , s u b s t i t u t e d 2 -oxazo l idone (9) and p - t o l u -
enesulfonamidohydr in ( 1 0 ) . The s i m i l a r r e a c t i o n of i n t e r n a l 
VI 
epoxide (11) afforded isomeric mixture of substituted 2-oxa-
zolidone (12) and p-toluenesulfonamidohydrin (13) (Scheme 21)), 
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Synthesis of Long-Chain Thioethers 
Formation of thioethers (16 & 17) was affected hy the 
treatment of ricinoleate (14) and isoricinoleate (15) with 
3-mercaptopropan-1,2-diol in presence of BF,-etherate 
(Scheme - 3a) . 
v i i i 
Scheme - 3a 
R - CH = CH - (CHg)^ - CH - R' 
OH 
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= CH,-(CH2)(- and n = 1 
= (CH2).7-COOCH,: 16b ; R = (CH2)y-C00H 
= CH^(CH2). and n = 2 
= (CH2)yC00CH^; 17b: R' = (CH2)-7-COOH 
A s i m i l a r t r e a t m e n t of l i n o l e a t e (18) and p e t r o s e l i -
n e a t e (21) y i e l d e d i s o m e r i c e t h e r s (19 & 22) and t h i o e t h e r s 
( 2 0 , 23a & 23b) (Scheme 3b & 3 c ) . 
I X 
Scheme - 3 ^ 
R - C H = C H - C H 2 - C H = « C H - R ' 
r 
( 18 ) 
1-SH 
-OH 
-OH 
AcOH, B F , - e t h e r a t e 
1 
H H 
R-CH=CH-CH2-CH -- CH-R' R-CH=CH-CH2-GH •- CH-R' 
S-CHo-CH-CHoOAc 2 I 2 
OH 
O-CH2-CH2-CH2OAC 
OH 
H 
R-CH •- CH-CH2-CH=CH-R' 
S-CH2-CH-CH2OAC 
OH 
(20) 
H 
R-CH •- CH-CH2-CH=CH-R' 
O-CH2-CH-CH2OAC 
OH 
(19) 
1 8 , 1 9 , 20 : R = CH, - (CH2)4 ; R' = (CH2)^-C00CH^ 
Scheme - Jtc 
R - CH = CH - R ' 
( 2 1 ) 
I 
H 
R - CH " CH - R' 
rSH 
-OH 
-OH 
AcOH, B F , - e t h e r a t e 
1 
H 
R - CH •• CH - R' 
S-CH2-CH-CH2OAC 
OH 
( 2 3 a , b ) 
O-CH2-CH-CH2SAC 
OH 
(22) 
2 1 , 2 2 , 2 3 a , 2 3 b : R = C H ^ - ( C H 2 ) I Q 
2 1 , 2 2 , 2 3 a : R' = ( C H 2 ) 7 C 0 0 C H ^ ; 2 3 b : R' = (CH2)-yC00H 
Introduction 
The world of the 1980's sha l l have to face the 
challenges posed by the a v a i l a b i l i t y of enough edible o i l s 
for the ever-growing popula t ions , p a r t i c u l a r l y in the deve-
loping coun t r i e s . India i s a major oi lseed-producing and 
major oil-consuming cotintry. Since 1960s the gradual popu-
l a t i o n increase and the expansion of oi l -based i n d u s t r i e s 
have forced our country to become a major importer of o i l s 
and o i l s eeds . There are as many as 100 d i f ferent o i l - b e a r -
ing p lan t s in the fo re s t s of Ind ia , out of which a dozen 
species have been exploited for o i l - e x t r a c t i o n . Most of 
the minor forest o i l seeds simply go as wastes. I t has been 
estimated that forest o i l seeds put together could have a 
t o t a l p o t e n t i a l of about 10 mil l ion tonnes . With 3<yfo 
co l l ec t ion i t would give the country 5 mil l ion tonnes of 
o i l s e e d s . On the bas is of 10^ average o i l content the minor 
o i l seeds could yield 0.5 mi l l ion tonnes of vegetable o i l s 
and 4 mi l l ion tonnes of o i l seed cake. Thus, as a moderate 
est imate the fores t f lo ra w i l l provide vegetable o i l s worth 
Rs. 40 b i l l i o n and oi lseed cake worth Rs. 8 b i l l i o n . 
During the l a s t decade the production and u t i l i z a t i o n 
of oils and fats and fatty acids have grown both in size and 
diversity. In the industrial field there has been a compe-
tition between oleochemicals and petrochemicals. The 
researches concerning the production and utilization of oils 
and fats are oriented in four major directions, chemical, 
biological, industrial and agricultural. A variety of new 
fatty acid derivatives of possible industrial and biological 
importance may be synthesized by taking the advantage of the 
inherently present functional groups in fatty acids. 
Oleochemistry has concentrated its efforts for decades 
on the ester fvmction, the derivatization of which consti-
tutes 90^ of fatty chemistry. Thus, interests turn on more 
toward the functionalization of the groups present in the 
long alkyl chain. It is afterall, an advantage of natural 
products that their hydrocarbon chains possess double bonds 
and other functionalities at defined locations. Thus, the 
fatty molecule offers special points for chemical attack. 
Keeping in view the above objective, the basic aim of 
the present research is to analyse indigenous seed oils and 
to chemically modify fatty acids for obtaining new fatty 
acid derivatives for the possible industrial utilisation. 
The exploratory research will probably extend to utility of 
fatty compound in new and unforeseen ways. 
PART ONE 
Analyses of Seed Oils 
CHAPTER—1 
Usual Fatly Acids 
In the early 1960s India used to be an exporter of 
oilseeds, but now due to the growth of population, large 
import of edible oils and seeds is made for domestic con-
sumption. There is a vast potential of minor seed oils 
which if properly tapped, can substantially augment the 
over all supplies of vegetable oils and help in bridging 
the wide gap between their demand and supply. The minor 
oilseeds of herbaceous and tree origin if properly harnessed, 
can contribute upto 2 million tonnes of vegetable oils and 
12 million tonnes of defatted meals. With a view to study 
the minor oilseed potential, a program has been underway at 
the author's laboratory for several years for the analysis 
of indigenous seed oils. 
In the plant kingdom 2,50,000 species of higher 
plants are known to exist. They are placed in about 330 
known plant families. Approximately, lipids from more, than 
1500 species have been studied. The seed oils constitute 
the largest source of edible and non-edible oils. Accord-
ing to the world estimates, natural fats are used in three 
ways, edible (78?^), soaps (13?^ ) and remaining uses (99^ ). 
The fatty acids which occur in natural fats contain 
generally even number carbon skeleton ranging in chain 
length from 4 to 32 carbon atoms and from zero to six 
double bonds. Over 500 fatty acids have been discovered 
and the niimber is increasing rapidly. Of these, most 
commonly occurring acids are lauric, myristic, palmitic, 
oleic, stearic, linoleic and linolenic. Besides the usual 
fatty acids, seed oils may contain a wide spectrum of un-
usual fatty acids not fo\ind in animal kingdom. These 
include acetylenic, conjugated, allenic, cyclopropene, 
cyclopropane, cyclopentane, cyclopentene, furan, epoxy, 
hydroxy and keto acids. Two or more of these functional 
groups may on occasion be found in a single fatty acid. 
The structures of these unusual fatty acids of plant ori-
1 
gin have been comprehensively reviewed by Smith and other 
recent reviews dealing with natural fatty acids have also 
2 3 been published '^. 
Isolation and Characterization of Fatty Acids 
Advances in the methodology for lipid analysis have 
been remarkable, particularly over the last decade. The 
valuable techniques in the analysis of oils are: thin-layer 
chromatography (TLC), high-performance liquid chromato-
graphy (HPIC) , complexation chromatography, colxomn chro-
matography, counter-current distribution, gas-liquid 
chromatography (GLC), urea and th iourea adduot separa t ion , 
spectroscopic and dhemical methods. 
In the past few yea r s , there has been a great r e v i -
va l of i n t e r e s t in l iqu id column chromatography (LCC) for 
a n a l y t i c a l purposes . In recent years , the prepara t ive 
GLC has successfully been exploited in the i s o l a t i o n of 
pure f rac t ions from a complex mixture. HPLC i s the l a t e s t 
landmark in the chain of chromatographic techniques . Fat ty 
acids have beeh separated as methyl e s t e r s , phenyl e s t e r s 
and 2-naphthyl e s t e r s by HPLC ^^. Recently, s i l v e r n i t r a t e 
1 0 HPLC has been used for the separat ion of f a t t y acids 
Many spectroscopic techniques (high re so lu t ion 
H NMR, ""^ C NMR^\ LCMS^  ^ and GCMS) offer s a t i s f ac to ry solu-
t i on and some times unexpected advantages for the ana lys is 
of unknown f a t t y ac ids . 
Apart from the above mentioned methodologies, some 
useful chemical methods also involved a re : c a t a l y t i c hydro-
genation, hydroxylat ion, oxidat ive degradat ion, p a r t i a l 
hydrogenation and p a r t i a l oxidat ion, Diels-Alder reac t ion 
1 3 
and hydrogen-bromide reaction. Recently, alkylthiolation 
reaction has been used to determine the position of double 
bond in the fatty acids. 
Fatty Acid Analysis of Seed Oils 
There has been growing interest in the analysis of 
minor seed oils (tree or herbaceous origin) so as^  to deve-
lop better substitutes for conventional oils and also to 
survey chemotaxonomically the whole spectrum of fatty acids 
among them. In continuation to our study based on these 
lines, analysis has been carried out on a few plant seed 
oils. 
None of the oils and methyl esters was fotuad to con-
tain either conjugation, trans unsaturation or any other 
functional group as was indicated by the examination of IR 
and UV spectra. These observations were further confinned 
14 by various qualitative tests, viz. Halphen test and 
1 5 
various chromatographic techniques (direct, picric acid , 
16 + 
DNP and argentation TLCs) . Ag TLC of the methyl esters 
indicated well defined spots for saturated, monoenes, diene 
and triene comparable to those of authentic linseed ester 
run alongside. GLC analysis of the methyl esters also 
supported the findings of argentation TLC in addition to 
the quaatitation of individual fatty acids. 
The present work dealing with the fatty acid compo-
sition and the general characteristics of the seed oils has 
been classified into two sections: 
7 
(a) S t u d i e s on leguminous seed o i l s ; 
(b) Studies on minor seed oils. 
8-) Studies on Leguminous Seed Oils 
Earlier work from author' s laboratory on the fatty-
acid composition of several leguminous seed oils has been 
17 
reported . The present work also contains the results of 
preliminary survey of eight more seed oils of Leguminosae. 
It has been observed that, in general, the seed fats resem-
ble the simple linoleic, oleic, palmitic type of oils. 
The oil content was generally low (^ -^ 15%) in most of the 
species examined here as it is a general phenomenon of 
leguminous seeds, with the exception of two species, Butea 
monosperma and Mucuna imbricata whose oil contents were 
30.0?^  and 18.4?^ , respectively. 
Qualitative argentation TLC of methyl esters showed 
the presence of saturated, cis monoenes and cis,cis diene in 
all the species and the presence of triene in Mucuna 
prurita, Crotalaris neglecta and B. monosperma seed oils. 
The esters were further examined qualitatively by reversed-
phase TLC. 
All the oils examined contained the USUSLL common 
fatty acids, viz. palmitic, stearic, oleic and linoleic in 
varying proportions. Among the saturated acids, the odd 
8 
number csirbon-containing saturated acids (C^c aad C>^) were 
also present in C. neglecta, Cassia fistula, Cassia alata 
and Alblzia lucida seed oils. Their identification was 
based on comparison of the retention times with those of 
the reference esters purchased from Sigma Chemicals, U.S.A. 
Arachidic acid, a higher homologue of stearic acid, was 
present in all the species except in M. prurita, M. imbricata 
and B. monosperma. Docosanoic acid was found in B. 
monosperma {1.1%) seed oil only. 
The saturated acids have the greatest combined con-
tent in C. alata (67.4^), C. neglecta (54.4^) and B. 
monosperma (42.8^). Of these, palmitic was the major fatty-
acid {5A.yfo) in the C.. alata. These species could be impor-
tant to the chemical industry for manufacture of detergents, 
surfactants, lubricants and confectionary products. But 
their low oil contents limit their potential in either way. 
Oleic and linoleic acids together accounted for 
77.0, 73.6, 70.5, 68.5, 66.2 and 55.5^ in seed oils of C, 
fistula, A. lucida, M. imbricata. Acacia torta, M. prurita 
and B. monosperma, respectively. Of these, four species 
(item 3, 4, 6 and 8) were also \musually rich in linoleic 
acid (<-- 30^o) . Linolenic, responsible for drying properties 
of the oil, was present in minor amovuat in half of the 
species exaxnined here. Palmitoleic acid, though in small 
amoiint, was foixnd in four species (items 4, 5, 6 and 8). 
A comparison of the results in the present investi-
gation with the earlier work leads to some comments. The 
Cassia species analysed "by Gunstone seemed somewhat simi-
lar in their fatty acid distribution with that of the two 
species (C_. alata and C_. fistula) of this genus analysed 
by the author, excepting the presence of some lower than 
1 ft C^g saturated ^cids. The report appeared on a species 
of Crotolaria whose composition was found fairly similar 
with the one analysed here. In the present study the fatty 
acid composition of A. lucida oil was found slightly dif-
ferent in the sense that it did not contain linoleic and 
docosanoic acids, while these two acids were notable in 
the other species of Albizia analysed by G-unstone _et al. ^. 
On the other hand, myristic, C^ r, saturated and palmitoleic 
acids were present in the samples under study which were 
1 9 
absent in Gxinstone's report . An earlier work on the 
variety of M. prurita (brown valvety legumes) from the 
author's laboratory ^ indicated the presence of two epoxy 
acids which were surprisingly absent in the variety of 
?!• prurita studied by the author (white coloured legumes) . 
Six oils, C. fistula, M. pr-urita, A. torta, M. imbri-
cata, B. monosperma and A. lucida resembled cotton seed oil 
10 
with about 22.5-42.85$ of satiirated acids (major being 
palmitic), predominant amount of linoleic acid (39.6-56. 
and smaller amount of oleic acid (16.0-20.19^) . 
Fatty acid composition (wt.^) and analytical data 
of the different seeds and their oils are presented in 
Table I. Standard methods of analysis used in the present 
21 
study were in accordance with AOCS procedures 
^) Studies on Minor Seed Oils 
Out of seven species, five species did not have 
fatty acid composition reported in the literature whereas 
oils of G-arcinia indica and &. combogia have been analysed, 
1 Q The earlier report on G. indica seed oil indicated the 
presence of 1.0^ linoleic acid which was absent in the pre-
sent investigation, but the other fatty acids were quanti-
tatively comparable in both the studies. However, oil 
content of G. indica was found surprisingly higher (62.5^) 
in the present analysis. The discrepancy in oil content 
and oil composition could be due to ecological differences 
in the species. 
Earlier, greenish unmatured seeds of G. combogia 
22 
were analysed in author's laboratory and a remarkable 
difference was noted in its oil content and fatty acid com-
position compared with the present investigation carried 
11 
out on ful ly matured seeds of t h i s species . 
The o i l content was found higher than 15.0?5 in each 
case except in Aenerie s e r p y l l i f o l i a (Caryophyllaceae) and 
Mecaranga p e l t a t a . Three species , Swetinia mohagnii, G. 
indica and G. combogia were except ional ly o i l r i c h (75 .0 , 
62.3 and 50.2^, r e s p e c t i v e l y ) . All the seed o i l s contained 
the usual common f a t t y acids ( v i z . , pa lmi t i c , s t e a r i c , o l e i c 
and l i n o l e i c ) in varying proport ions except in G. indica 
seed o i l . Of t h e s e , four species , Als tonia venenata, A. 
s e r p y l l i f o l i a . Gardenia t rug lda and S_. mohagnii were worth 
mentioning for t h e i r high combined content of o l e i c - l i n o l e i c 
acid (68.7-79.3?^) and t h i s combination was very high (93.6?^) 
in 6. combogia. 
2 Most seed f a t s from Apocynaceae family contain 
simple mixture of aforementioned four acids in t h e i r glyce-
r i d e s . A. venenata (Apocynaceae) seed o i l was remarkable 
to have o l e i c acid (63.9^) as the major unsaturated ac id . 
Oleic content was also f a i r l y high (-^40.0^) in four 
species , i . e . , S_. mohagnii, M. p e l t a t a , G. indica and 6. 
cambogia o i l s . Thus, A. venenata species mer i t s a t t en t ion 
for i t s possible commercial value whose seeds were o i l - r i c h 
(26.6^) . Fur ther , comparing the fa t ty acid composition of 
A. venenata with the composition of conventional o i l s , i t 
was found that t h i s species resembles with groundnut and 
thus shows suf f ic ien t promise for i t s exp lo i t a t ion as f ie ld 
12 
crop. The resemblance in composition is striking to some 
extent with respect to the contents of oleic (63.9?^ ) and 
linoleic (15.4^) as compared to groundnut oil (oleic, 56.0 
and linoleic, 25.5^) . 
Analytical data of the seed samples and derived oils 
are listed in Table II along with the GLC analysis of methyl 
esters. Standard methods of the analysis used in the pre-
21 
sent study were in accordance with the AOCS procedures. 
In summing up the present investigation, the seeds 
which are found rich in their oil content and in one or 
more common acids may warrant for their further exploitation 
prior to any commercial status is given to them. In this 
context G. indica, A. venenata and ^. mohagnli oils received 
attention for their further examination. 
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EXPERIMENTAL 
Materials and Methods 
Source of Oilseeds; 
The seed samples were obtained from n\imerous sources, 
including the seed firms, uncultivated areas and were identi-
fied by the staff botanists. 
Oil extraction; 
Cleaned dry samples of seeds were ground in a dis-
integrator. The powdered seeds were extracted with petro-
lexim ether (40-60°C) in a Soxhlet apparatus. The crude oil 
was neutralized by passing it (•^ l g) in chloroform, through 
a short column of alvunina (v^lO g) . Seed and oil characte-
ristics, i.e., iodine value, saponification value, refrac-
tive index, moisture contents were determined by the AOCS 
4.U J 21 methods 
Preparation of Mixed Fatty Acids 
The seed oils were refluxed with ethanolic potassium 
hydroxide. The unsaponifiable matter was removed and the 
free fatty acids were obtained in the usual manner. 
Preparation of Methyl Esters 
Esterification was carried out as follows; Each 
fatty acid sample (v^5g) was refluxed for an hour in the 
u 
excess of absolute methanol containing 1^ sulphuric acid. 
Direct TLC 
Analytical direct TLC of oils and methyl esters was 
carried out on 20x5 cm plate coated with 0.025 mm layer of 
silica gel. The plate was developed with a mixture of 
light petroleum : ether : acetic acid. Visualization of 
the spots was made by spraying with 20?S aqueous perchloric 
acid and subsequent charring. 
Argentation TLC 
Argentation TLC was affected on silica gel plate 
impregnated with 12?$ silver nitrate. Solvent system petro-
leum : ether (92 : 8, v/v) was used for development. The 
spots were detected vmder UV light by spraying with 2',7'-
dichlorofluorescein or by spraying with 2(yfo aqueous per-
chloric acid and subsequent charring. 
Infrared (IR^  
IR spectra were recorded on l iqu id or CCl. so lu t ions 
usir]g a Perkin-Elmer spectrophotometer (Model 621). 
U l t r av io l e t (ITV) 
UY spectra of o i l s were recorded on a DK2A u l t r a -
v i o l e t spectrometer. 
15 
Gas-l iquid Chromatography (GLC) 
The quan t i t a t i ve examination of methyl e s t e r s was 
carr ied out "by using Perkin-Elmer Model 154 vapour f r a c t o -
meter equipped with a thermal conduct ivi ty de tec tor using 
s t a i n l e s s s t e e l packed colvtnm (2m x 3mm) coated with d i -
ethylene glycol succinate (DEGS, 15% on chromosorh w, 45-60 
mesh). The separat ion was car r ied out isothermal ly at 200 C, 
chart speed 30 in . / h r with hydrogen flow of 70 ml/min. 
16 
CHAPTER—2 
Epoxy Fatty Acids 
Epoxy a c i d s have been i s o l a t e d from more t h a n 70 
s p e c i e s of 15 p l a n t f a m i l i e s . Wi th t h e i s o l a t i o n and 
c h a r a c t e r i z a t i o n of o n l y Cp^ ^ e p o x i d e , (+) _ci_s-14,1 5 - e p o x y -
c i s - 1 1 - e i c o s e n o i c ( A l c h o m i c ) a c i d by Kle iman et_ a l . from 
t h e seed o i l of A l c h o r i i e a c o r d i f o l i a ( E u p h o r b i a c e a e ) , t h e 
t o t a l nximber of n a t u r a l epoxy a c i d s now known t o o c c u r i n 
seed o i l s h a s r i s e n t o t w e l v e ( T a b l e I I I ) . 
The f i r s t epoxy a c i d t o be c h a r a c t e r i z e d was C.g 
e p o x y o l e i c a c i d ( v e r n o l i c a c i d ) , i s o l a t e d from V e m o n i a . 
a n t h e l m i n t i c a seed o i l by a \ m s t o n e . A l l t h e 12 n a t u r a l l y 
o c c u r r i n g epoxy a c i d s c o n t a i n C.o c a r b o n c h a i n l e n g t h e x c e p t 
a l c h o m i c a c i d of C2Q c h a i n l e n g t h . 
With r e s p e c t t o t h e p o s i t i o n of e p o x i d e f u n c t i o n , 
t h e r e a r e f i v e 9 , 1 0 - e p o x y , t h r e e 1 2 , 1 3 - e p o x y , one 1 4 , 1 5 -
epoxy and one 1 5 , 1 6 - e p o x y a c i d s . I n r e c e n t y e a r s , two more 
epoxy a c i d s ( c i 3 - 3 , 4 - e p o x y - c l s - 1 1 - o c t a d e c e n o i c and 0 1 8 - 1 2 , 
1 3 - e p o x y o c t a d e c - t r a n s - 9 - e n o i c ) h a v e b e e n c h a r a c t e r i z e d from 
25 
a u t h o r ' s l a b o r a t o r y i n t h e seed o i l s of V e m o n i a r o x b u r g h i i 
20 
and Mucuna p r u r i t a , r e s p e c t i v e l y . R e c e n t l y , e p o x y o l e i c 
26 
a c i d h a s been foxind i n Cent r a t he rum r i t c h i c i , Mucuna 
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pruriene , Hibiscus cannabinus , Cepheria syriaca , 
Kigelia pinnata and Cosmos sulphureus seed oils. Most 
recently, V. volkemerifolia"^ oil has also been fo\nid to 
be a rich source of this acid. The seed oil of Onopordi\im 
•53 
acanthon was recently analyzed for presence of monoepoxy-
octadecenoyl diacyltriglyceride which consisted of 63.1% 
a- and 56.9?^  /3-epoxytriglycerides. 
These acids can be considered as oxidation products 
of known olefinic acids. The biosynthetic production of 
newly discovered higher homologue of vernolic acid (alchor-
25 
nic) is suggested -^  to be either the result from epoxidation 
of C^ o acid and subsequent chain elongation or from a Cp^ 
acid directly. 
Detection a-nd Characterization of Epoxy Acids 
The general analytical procedures find unexpected 
response by the seed oil containing HBr-reactive fatty acids. 
Therefore, in detection of epoxy fatty acids, numerous prob-
lems arise which require special attention. When the occur-
rence of epoxy acid is suspected in the seed oil, it should 
be examined as carefully as possible by non-destructive 
methods. 
The chromatographic, analytical and spectroscopic 
techniques have been used for the detection and estimation 
18 
of the epoxy acids in seed oils. The direct TLC of the 
compoimd reveals the presence of oxygenated functional group 
1 5 
and the picric acid TLC test confirms the presence of 
epoxy group. Appearance of orange colour spot clearly indi-
cates the presence of epoxy group even in a mixture with 
other groups. The orange spot is due to the formation of 
hydroxyl-picryl ether adduct which in the presence of a base 
has a reddish orange colour. The quantitative determination 
34 o 
is made by titration with HBr at 3 C. The results are 
expressed as hydrogen bromide equivalent (HBE). Reversed 
phase TLC and argentation TLC are also used to separate 
various isomers of epoxy fatty acids. 
IR, NMR and mass spectroscopies are also helpful to 
characterize an epoxy acid. The IR spectra of epoxy esters 
show two characteristic bands for epoxy f\mction at 840 cm" 
and 890 cm" . The cis and trans epoxyoctadecanoates may 
also be distinguished by absorption bands at 890 cm" for 
trans and 840 cm" for the cis epoxy isomers. NMR is a very 
useful tool for characterization of an epoxy acid. The 
epoxy protons give a signal around 6 2.68 for cis epoxide 
and 6 2.43 for trans epoxide. But these values change 
slightly when epoxy group is near to the ester or a-methyl 
group. The epoxide group exerts a weak deshielding in-
fluence for the CH,- and the -CHp-COOCH- signal when epoxide 
19 
37 
approaches these groups , 
The f a t t y acid e s t e r s containing the epoxy groups 
in the chain give mass spect ra , the i n t e r p r e t a t i o n of which 
i s so s t r a i g h t forward tha t epoxidation and MS. form an 
es tabl i shed procedure to locate the double bond. For 
example, the spectrtun of methyl 9,1 0-epoxystearate has a 
base peak of m/z 1 55 a r i s i ng from cleavage a to the epoxide 
r i ng . 
171 <~^^ 199 
5 
0 
C - (CHg)^ r CH - CH -L ( (^2)^ - CH^  
0 
155 
a-Cleavage on the other side of t h i s subs t i tuent produces 
a much smaller but s ign i f ican t peak at m/z 199. 
37 Gunstone and Jacobsberg have examined the spectrum 
of a l l 31 isomer of methyl epoxyoctadecanoates. These have 
been measured at 16 eV and gave more informative mass 
spec t ra . The two major fragmentation pathways proposed 
3Q by Aplin and Coles " (1 and 2) have been extended to four 
(1 - 4 ) . 
20 
•CH, - CH — CH- > CH, + CH - CH- ( 1 ) 
\ / \ / 
CH2 - CH - - CH- > CH - CH CH-
\/ i \o/ 
CH = CH + HO = CH ( 2 ) 
H 
-CH - CH- > -C CH > - C ^ O + CHp ( 3 ) 
H 
\ 
•CH — C- ^ -CHp + 0 = C- (4) 
GLC i s a l s o an e x c e l l e n i ; t o o l f o r t h e d e t e c t i o n and 
q u a n t i t a t i o n of l o n g c h a i n epoxy a c i d s . The GLC b e h a v i o u r 
of c i s and t r a n s epoxy e s t e r was summarized by G-unstone 
37 
e t a l . . The u s e of GC-MS becomes a v e r y p o w e r f u l method 
f o r t h e s t u d y of epoxy e s t e r s . 
The s t r u c t u r e of epoxy a c i d i s b e s t e s t a b l i s h e d by 
25 t h e w e l l known G u n s t o n e ' s c l a s s i c a l d e g r a d a t i o n p r o c e d u r e 
which i n v o l v e s t h e c l e a v a g e of t h e d i o l p roduced by a c i d 
h y d r o l y s i s . Smith et_ a l . e s t a b l i s h e d t h e s t r u c t u r e of 
c o r o n a r i c a c i d a s c i s - 9 . 1 O - e p o x y - c i s - 1 2 - o c t a d e c e n o i c a c i d 
by u s i n g G u n s t o n e ' s p r o c e d u r e . 
21 
Seed Oils Containing Epoxy Acids 
The interest in seed oils rich in epoxy acids has 
"been stimulated by their potential as a replacement for 
synthetic epoxy compounds that are widely used as stabi-
lizers for plastics formation and in the preparation of 
other long-chain compounds . Epoxy compounds have also 
43 attracted attention due to their cocarcinogenic activity 
Among the epoxy containing seed oils, the most promising 
24 
species appear to be Vernonia anthelmintica , Stokesia 
laevis , Euphorbia lagascae and V. galamensis . Conti-
nuing studies designed to identify such epoxy containing 
oils, the seed oils of fifteen species have been examined. 
Twelve of them were foimd to contain coronaric acid while 
three contain vernolic acid. The present work has been 
classified into two sections. 
(a) Seed Oils Containing Vernolic Acid 
Epoxy fatty acids have been found to occur as seed 
oil constituents . Vernolic acid is the most familiar 
and widely distributed in the natural epoxy fatty acids. 
In the present study a detailed analysis of three 
seed oils of Carthamus oxycantha (Compositeae), Oncoba 
spinosa (Flacourtiaceae) and Liniim grandiflorum (Lineaceae) 
was carried out. It was observed that all the species 
22 
analysed here were found to contain 20.4, 6.6 and 4.9?^  of 
EBr reactive epoxy acid, respectively. 
47 Shahid et_ al. have reported that C_. oxycantha seed 
oil contains only the usual fatty acids in its triglyceride 
48 
and Cole and Cardosa gave the usual fatty acid composition 
of 0. spinosa seed oil. These authors could not detect the 
epoxy acid. A more detailed reinvestigation of C_. oxycantha 
and 0. spinosa seed oils revealed the presence of an epoxy 
acid by qualitative TLC test. This is the first report on 
the occurrence of epoxy acid in Flacourtiaceae and Lineaceae 
families. 
Ground seeds of L. g r and i f lo rum. C. oxycantha and 
0 . sp inosa were e x h a u s t i v e l y e x t r a c t e d wi th l i g h t petrolevun 
e t h e r and gave 31.2^^, JiO.Qf^ and 23.4?^ o i l , r e s p e c t i v e l y . 
The d i r e c t TLC of t h e o i l s i n pe t ro leum e t h e r - e t h e r (70 :30 ; 
v /v) r evea l ed two s p o t s of which t h e lower spot gave p o s i -
t i v e p i c r i c ac id t e s t , i n d i c a t i n g t h e p resence of epoxy acid 
as HBr r e a c t i v e m a t e r i a l . HBr t i t r a t i o n of t h e s e o i l s 
34 o 
acco rd ing to t h e p rocedure of H a r r i s et_ a l . a t 3 C i n d i -
ca ted the presence of 20.2%, 6 .5^ and 4.8% epoxy ac id i n 
£ . oxycantha , 0 . sp inosa and L. g randi f lo rum seed o i l s , r e s -
p e c t i v e l y . A l l t h e t h r e e o i l s gave c h a r a c t e r i s t i c IR bands 
at 840-50 and 825-30 cm" f o r epoxy group. The UV and IR 
s p e c t r a showed no conjuga t ion and no t r a n s u n s a t u r a t i o n i n 
23 
the oils. The analytical values of the seeds and oils were 
determined according to the procedures recommended by the 
21 AOCS and the data are summarized in Table IV. 
TIC of methyl esters, prepared by transesterifica-
49 
tion with sodium methoxide, indicated two different frac-
tions, oxygenated and non-oxygenated fractions. Oxygenated 
fraction responded to picric acid TLC test. Non-oxygenated 
fraction contained the mixture of different usual fatty 
esters. On Ag"*" 'TLC, they revealed spots corresponding to 
saturates, monoenes, diene and triene. 
Isolation and Characterization of Epoxy Acid 
Pure epoxy esters were isolated by column chromato-
graphy from mixed esters of all the three oils and analysed 
by using vernolic acid (obtained from Vernonia anthelmintica 
seed oil) as the reference standard. They gave orange 
colour for the epoxy compound with picric acid TLC test. 
They had the same R^ value as standard methyl vemolate. 
The IR of the pure epoxy ester suggested an isolated cis 
double bond with absorption at 3010 and 720 cm , ester 
band at 1740 cm" and moderately intense bands at 828 and 
848 cm" for cis epoxy group. The NMR spectrum of the 
epoxy ester (I) gave characteristic signals at 6 5.42 m 
(2H, -CH = CH-) , 3.6 s (3H, -COOCH,) , 2.69 m (2H, -CH-CH-), 
24 
2.06 m (4H, CH^ - CE = OR - CHj) , 2.25 m (2H, CE^ - COOCH,), 
1.3 br , s (chain methylene protons) and 0.9 t {J>E, terminal 
CH3). 
Mass spectrum of the epoxy e s t e r possessed a mole-
cular ion of the lov i n t e n s i t y at m/z 310 which subsequently 
underwent a loss of water molecule to give r i s e ion peak at 
m/z 292 in addi t ion to other peaks at m/z 278 (M-CH^OH)^260 
(292-CH,0H) and 251 (M-COOCH,). The other c h a r a c t e r i s t i c 
peaks (Chart 1) were noted at m/z 239 and 113 obtained a f te r 
a-cleavage on e i t h e r side of the epoxy group. This pa i r of 
ions c lea r ly placed the epoxy group at C.2-C-1-7. The a l ly l i e 
cleavage on e i t h e r side gave the ion at m/z 197 and 167, both 
these ions located the double bond between Cq-C.^. The other 
important ions at m/z 227, 211, 209, 113, 101, 99, 85 and 83 
confirm the s t ruc tu re of I as methyl cis-12,13-epoxyoctadec-
c i s -9-enoa te . 
Further v e r i f i c a t i o n of the assigned s t r u c t u r e , as 
methyl ve rno la te , was obtained by forming the d i o l by aceto-
0 A 
l y s i s of the oxygenated f rac t ion followed by saponif ica-
t ion and a c i d i f i c a t i o n to give crude dihydroxy acid. Suc-
cessive c r y s t a l l i z a t i o n of the crude d i o l from a mixture of 
petrolevim e the r -e the r (3:1) furnished the c r y s t a l l i n e pro-
duct melting at 52-53°C ( l i t . ^ ^ , 53-54°C). I t had the same 
R„ value on TIC as threo-12.13-dihydroxvoleic acid derived 
C h a r t - 1 
+ R-CHp-CH—CH-CHp-CH=CH-CHp ^ 
V 
m/z 1 67 
R-CH2-CH—CH 
• 0 / 
m/z 115 
R-CH2-CH=0H 
m/z 101 
v CHp—CH—CH—CHp *"R 
m/z 197 
CH--CH-CH2-CH=CH-CH2-R' 
\y 0: 
m/z 239 
CH=CH-CH=CH-CH2-R' 
m A 209 
CH,-(CH2)3-GH2-CH~CH-CH2-CH=CH-CH2-(CH2)6-C00CH, 
0 
M"^ ' 310 
R—CH p—CHp 
m/z 85 
R-CH=CH 
m/z 83 
R-CH2-C=0 
m/z 99 
0 = C-CH2-CH=CH-CH2-R' 
/ z 225 m 
H0=CH-CH2-CH=CH-CH2-R' 
/ z 227 m 
CH2-CH2-CH=CH-CH2-R' 
m / z 211 
where R = C H , - ( C H 2 ) - T 
R' = (CH2)g-C00CH, 
AilSNBlNI 3AliV13y 
25 
from a u t h e n t i c v e r n o l i c a c i d . No d e p r e s s i o n i n m.p . was 
observed on admixture wi th a u t h e n t i c t h r e o - 1 2 . 1 3 - d i h y d r o x y -
o l e i o a c i d . Hydrogenat ion of u n s a t u r a t e d d i o l gave a s a t u -
r a t e d d i o l which was c r y s t a l l i z e d from c y c l o h e x a n e - e t h y l 
a c e t a t e . The c r y s t a l l i n e sample melted at 96-97.5°C ( l i t . 
97-98 C) e i t h e r alone or mixed wi th t h e a u t h e n t i c 1 2 , 1 3 - d i -
h y d r o x y s t e a r i c a c i d . 
The IR gave a b s o r p t i o n hands a t 3300-3400 (COOH), 
3015 ( c i s C=C) and 1710 cm"'' (COOH). The NMR spectrum 
e x h i b i t e d the fo l l owing peaks at 6 0.9 t (3H, t e r m i n a l CH,); 
1.29 b r , s ( cha in CHg); 2.09 m (4H, -CH2-CH=CH-CH2); 2.28 m 
(2H, CHg-COOH) ; 3 .6 m (2H, 2xCH-0H) ; 5.46 m (2H, CH=CH) ; 9.'65 
s (1H, COOH) and the chemical s h i f t of t h e OH pro ton v a r i e d 
from 6 7-6 which d i sappea red on D2O shake. 
The c leavage of u n s a t u r a t e d d i o l ( I I ) by p e r i o d a t e -
50 permanganate (Scheme 1) gave hexanoic (IV) and a z e l a i c (V) 
a c i d s , which were i d e n t i f i e d by GLC. Hence the c leavage 
p o i n t s were between Oq-C.^ and O.g'C^-z. Ox ida t ive f i s s i o n 
of s a t u r a t e d d i o l ac id ( I I I ) gave hexanoic (IV) and dode-
caned io i c (VI) a c i d s showing t h e hydroxy groups at 0^2 ^^^ 
C . , . Formation of a z e l a i c acid from \ in sa tu ra t ed d i o l e s t a -
b l i s h e d the p o s i t i o n of u n s a t u r a t i o n between Cq-C^p,. The 
c o n f i g u r a t i o n of s a t u r a t e d and u n s a t u r a t e d d i o l a c id s were 
51 found to be t h r e o by b o r i c ac id TLC , u s i n g cor respond ing 
Scheme - 1 
CH^ - ( C H g ) ^ - CH - CH ~ CH2 - CH = CH - ( C H j ) ^ - COOH 
0 
(I) 
1. CH5COOH 
2. KOH 
CH^CCHj)^ - CH. - CH - CH2 - CH = CH - {CE2)rj - COOH-
OH OH 
(II) 
Mn0-/I0-
CH, - (^2)4 - COOH + HOOC 
(IV) 
(CHg)^ 
(V) 
COOH 
CH, - (CH2)4 - CH - CH - (CH2)^Q - COOH 
OH OH 
(III) 
H2 
Pd/c 
Mn0-/I0-
CH^ - (CH2)4 ~ COOH + HOOC - (CHg)^^ - COOH 
(IV) (VI) 
26 
reference diols of Vernonia anthelmintica seed oil. 
The above results demonstrate conclusively that the 
original epoxy acid present in C. oxycantha, 0. spinosa and 
r _ ^ 
L. ie:randiflorxMi i s ve rno l i c , e l s . 1 2-1 3-epoxyoctadec-ci3-9-
enoic acid. \ 
\ 
GLC analysis of methyl esters was carried out as 
50 described by Miwa et_ al. by compairing their retention 
time with the ststndard samples. Beside the vernolic acid 
the other common fatty acids were palmitic (6.0-16.3%), 
stearic (1.2-8.4?^), oleic (U.0-20.7?^) , linoleic (9.6-45.^) 
and linolenic (0.3-42.09^). The results of the GLC analysis 
are given in Table V. 
(b) Seed Oils Containing Coronaric Acid 
Acacia belong to order Acocieae of the subfamily 
Mimosoideae (family Leg\iminosae) in a large genus comprising 
about 800 species. They are abundant in savannas and arid 
55 
regions of Australia, Africa, India and America . In India 
there are about 22 species distributed throughout the plains. 
Indian Acacias yielded three major products, i.e. tannin, 
gum and timber . 
In the couirse of seed oil sci^ eening evidences have 
been obtained that epoxy-containing vegetable oils are also 
distributed in Leguminosae, a family in which unusual fatty 
27 
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acids occur rarely. Earlier there have been reports * 
from the author's laboratory about the occurrence of epoxy-
oleic acid in two species of Mucuna of this family. G-un-
1 R 
stone e_t al. have reported a C^ g unsaturated epoxy acid 
in Acacia auriculaeformis seed oil. In the present study 
the detailed fatty acid composition of 12 seed oils, namely, 
Acacia cochlearis, A. minhassi, A. intsia, A. fernesiana, 
A. leucophloea, A. mollissima, A. latronum, A. £ene£;al, A. 
coriacea, A. sundra, A. pennata and Blepharis edulis along-
with the characterization of coronaric acid have been 
described. 
Epoxy acids have been reported in as many as 15 plant 
families, but no epoxy acid has yet been isolated from the 
family Acanthaceae. This is the first time that a coronaric 
acid has been isolated and characterized from B. edulis seed 
oil, a member of Acanthaceae. 
The oils were extracted from gro\md seeds with light 
petroleum in Soxhlet apparatus. Refractive index, saponi-
fication values and iodine values were determined according 
21 to AOCS methods and are given in Table VI. 
The UV and IR spectral analysis showed no conjugation 
aad trans unsaturation. The oils responded to picric acid 
TLC. L^ egative Halphen and DNP tests indicated the 
28 
absence of cyclopropenoid and keto f a t ty ac ids , r e spec t ive ly . 
HBr-ti tratlon-^ at 3*^C of the o i l s indicated the percentage 
of HBr-reactive acids which are in good agreement with the 
percentage obtained by GLC. The r e s u l t s of the GLC analys is 
are given in Table VII . 
Characterization of Epoxy Acids 
The oxygenated fraction of Acacia and B. edulis oils 
and Chrysanthemum coronari\jm oil, used as the reference 
standard had the same R-^  value. Further characterization 
of epoxy acid was carried out by direct acetolysis of oils 
followed by saponification and acidification. The resulting 
dihydroxy acids were isolated by column chromatography. 
Successive crystallization of the crude diol acids from 
mixture of light petroleiun ether and ether furnished crys-
talline diol acids. 
The IR spectra of the crystalline diols gave a broad 
baad at 3400 cm~ for OH grouping along with the usual fatty 
acid bands. NMR spectrum gave characteristic bands at 6 
2.07 m (4H, -CH2-CH=CH-CH2), 3.58 m (2H, 2xCH-0H), 5.46 m 
(2H, -CH=CH-) , 9.6 s (1H, COOH) ajad the chemical shift of 
the OH proton varies accordingly (6 6-4), which disappeared 
on DpO shake. 
The structure of the vinsaturated diol (VIII) was 
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fur ther confirmed by i t s mass s p e c t r a l study (Chart 2 ) . 
The spectrum showed molecular ion peak at m/z 314 alongwith 
m/z 315 (M+1), 313 (M-1), 297 (M-OH), 296 (M-H2O), 282 
(M-CH^OH), 280 (297-OH), 279 (297-H2O), 278 (296-H2O). The 
fragment ion at m/z 111 or ig inated a f t e r an a l l y l i e c l ea -
vage towards the carhoxylic acid end. Another a l l y l i e 
cleavage produced an ion m/z 257 which fur ther \mderwent 
the loss of three water molecules to give fragment ion at 
m/z 203. The a l l y l i e cleavage a l toge the r es tabl ished the 
pos i t ion of the double bond between C.p-C^'^. Four a - c l e a -
vage on the e i the r side of t he two hydroxyl groups appeared 
at m/z 203, 173, 171 and I4I which placed the hydroxyl 
groups (o r ig ina l l y epoxide ring) at CQ and C.^. 
The dihydroxy acids obtained from B. edu l i s , eleven 
species of Acacia and C_. coronariixm o i l s were completely 
s imi la r in a l l r e spec t s , v i z . m.p . , R« value, IR, NMR and 
MS. The m.p. of the d io l ac ids , ranged from 58.0 to 59.5°C 
( l i t . , 60.5-61°C). There was no depression in melt ing 
poin t , in each d io l acid , on admixture with authent ic sample 
of threo-9.10-dihydroxyoctadec-12-enoic acid, prepared from 
C. coronarium seed o i l . 
50 Oxidative cleavage (Scheme 2) of the dihydroxy 
acids(VIII) before c r y s t a l l i z a t i o n yielded only hexanoic 
(IV) and aze la ic (V) ac ids , which were iden t i f i ed by GLC. 
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The u n s a t u r a t e d d i o l consiuned 0.97 mole e q u i v a l e n t of hyd-
rogen (Pt c a t a l y s t ) t o y i e l d a s a t u r a t e d d i o l (IX) (m.p. 
92 .5-95 C). No d e p r e s s i o n in m e l t i n g po in t was observed on 
admixture wi th a u t h e n t i c t h r e o - 9 . 1 O - d i h y d r o x y s t e a r i c a c i d , 
m.p . 92 .5-95 C The s a t u r a t e d d i o l methyl e s t e r , m.p. 67-
68 C, had the same R- va lue as t h e methyl e s t e r of t h e known 
th reo -d ihydroxy ac id on b o r i c ac id impregnated s i l i c a g e l 
50 
TLC p l a t e . Pe r ioda te -pe rmangana te c leavage of t h e s a t u -
r a t e d (IX) d i o l gave nonanoic (X) and a z e l a i c (V) a c i d s . 
I f v e r n o l i c ac id had occur red i n t h e u n s a t u r a t e d epoxy f r a c -
t i o n , hexanoic and dodecaned io ic a c i d s would have been 
formed as t h e c leavage p r o d u c t s as shown e a r l i e r . 
F i n a l l y t h e s t r u c t u r e of dihydroxy e s t e r was con-
firmed by t h e mass s p e c t r a l s tudy of i t s a c e t a t e d e r i v a t i v e 
( F i g . 1 ) . The spectrum showed peaks at m/z 412 (M ) , 594 
(M - HjO), 380 (M - CH,OH) and 355 (M - COOCH,). The o t h e r 
d i a g n o s t i c peaks at m/z 355 ( a ) , 337 (355 - H2O), 301 (c) , 
255 ( f ) , 242 (301 - COOCH^), 229 ( e ) , 196 (255 - COOCH^), 
211 (229 - H2O) , 183 ( d ) , 170 (229 - COOCH5), 165 (185 - H2O) 
124 (185 - COOCH )^ and 111 (b) confirmed t h e proposed s t r u c -
t u r e . 
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a f -1 
CH^-(CH2)3 ^ CH2-CH=CH-CH2 -^  CH j CH -^  (CH2)y-C00CH^ 
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Fig. 1 
Quantitation of coronaric acid and other usual fatty 
acids was done by GLC of the transesterified methyl esters, 
using corresponding standard samples. Beside the coronaric 
acid the seed oils were found to contain usual fatty acids 
in varying amounts. The other common acids of Acacia seed 
oils were, palmitic (0.9-41.1), stearic (0.9-9.1), oleic 
(8.3-42.4), linoleic (14.2-61.2), linolenic (Tr.-11.2), 
arachidic (0.1-6.1). The total saturated acids varied from 
11.3 to 57.9 and the unsaturated acids from 42.0 to 71.85^. 
Six species of Acacia oils (items: 2, 4, 5, 6, 8 & 10) were 
found to contain palmitoleic acid (0.5-10.0?^). The occur-
rence of 17:0, in the oils, is a rare phenomenon. However, 
in this study, the 17:0 was found 0.3 and 8.0^ in A. 
leucophloea and A. cochlearis seed oils, respectively. 
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EXPERIMENTAL 
general Methods 
Spectroscopic and chromatographic analyses of oils 
and their methyl esters, were conducted in the same way as 
described in previous chapter. Mass (JEOL JMS-D 300) was 
measTired using the direct insertion proh at source tempera-
ture of H O C and an ionization energy of 75-ev. 
Seeds and Oils Characteristics 
The analytical values of the oil and seeds were 
determined according to the procedures recommended by the 
21 AOCS . 
Transes t e r i f i ca t ion 
Transes t e r i f i ca t ion was car r ied out by ref luxing the 
o i l samples for 10 minutes in excess of absolute methanol 
containing sodium (0.4 g in 100 ml methanol). The r e s u l t i n g 
mixture was d i lu ted with water ajad few drops of a c e t i c acid 
and then extracted repeatedly with e the r . Combined ether 
e x t r a c t s , were dried over sodium sulphate and evaporated in 
vacuum. 
P i c r i c Acid TLC Test 
The t e s t was car r ied out using s i l i c a gel G p l a t e 
(2.5x8 cm). The developing system was petroleum e the r -e the r -
35 
ace t i c acid (75 :25:1 ; v / v / v ) . The developed p l a t e s were 
sprayed thoroughly with p i c r i c acid in 95?^  ethanol and imme-
d ia t e ly placed in a tank sa tura ted with vapours of e the r -
e thano l -ace t i c acid (80:20:1 ; v / v / v ) . After 30 minutes the 
p l a t e s were removed and exposed to l iqu id ammonia fvmeB for 
1-2 minutes. The appearance of orange spot on yellow back-
grovind of the TLC p l a t e indicated t he presence of epoxy 
group. 
Boric Acid TLC 
The dihydroxy acid methyl e s t e r were analysed on 
s i l i c a ge l impregnated with bor ic acid and developed with 
hexane-e ther -ace t ic acid (60 :40 :1 ; v / v / v ) . The spots were 
v i sua l ized by charring the p l a t e s at 12o°C a f t e r they had 
been sprayed with 209^  aqueous solut ion of perch lor ic acid. 
Hydrogen Bromide T i t r a t i o n 
The quan t i t a t ion of t o t a l epoxy acid content was 
carr ied out by t i t r a t i o n of weighed amount of o i l with 0.1N 
hydrogen bromide solut ion using c r y s t a l v i o l e t as i nd ica to r 
at 3°C to a b luish green end point tha t p e r s i s t s for 30 sec . 
34 by the procedure of Harr i s et_ a l . . The percentage of 
oxirane oxygen was calculated by equation 
where N = Normality of HBr; V = Volxime of HBr consumed in 
t i t r a t i o n . 
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I s o l a t i o n of Epoxy Acid 
The methyl e s t e r (4 g) was placed on a colvimn of 
s i l i c a gel (80 g ) . Linear gradient e lu t ion was ca r r i ed 
out v i t h petroletun ether (40-60 C) and gradually adding 
d i e t h y l e the r . The l e s s po la r , nonoxygenated product vas 
eluted with petroleum e ther . The epoxy f rac t ion was eluted 
with 5?^  e ther in petroleiiin e the r . 
IR ( n e a t ) : 820-830 and 845-855 (c i e -epox ide ) , 1740 ( e s t e r 
carbonyl) and 3010-3015 and 720-725 cm" ( i so l a t ed c i s 
double bond). 
NMR (C33C1,): 6 2.69 m (2H, CH - CH) , 5.42 m (2H, CH=CH) 
V" 
MS: 310 (M"^ ) . 
Acetolysis of Epoxide 
The total oil 5 g (in each case) was refluxed with 
glacial acetic acid (100 ml) for 7 hours. The reaction 
mixture was then diluted with water and extracted repeatedly 
with diethyl ether. The combined ether extracts were dried 
over anhydrous sodium sulphate. After the removal of sol-
vent in a rotary evaporator, the residue was saponified by 
refluxing with O.SN alcoholic KOH for two hours. The un-
saponifiable matter was removed and the mixed fatty acids 
were recovered. The separation of mixed fatty acids into 
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oxygenated and nonoxygenated f r a c t i o n s was accomplished by 
column chromatography and examined s e p a r a t e l y for t h e 
c h a r a c t e r i z a t i o n of i n d i v i d u a l f a t t y a c i d s . Success ive 
c r y s t a l l i z a t i o n of t h e oxygenated f r a c t i o n from petroleum 
e t h e r - e t h e r ( 5 : l ; v / v ) gave c r y s t a l l i n e p r o d u c t . 
IR ( n e a t ) : 3300-5400 (OH), 3015 ( c i ^ C=C) and 1710 cm"^ 
(COOH) . 
NMR (CDCI5): 6 3 .6 m (2H, 2 x CH-OH) , 5.46 m (2H, CH=CH) 
and 6-4 (2H, 2 x CH-OH, d i s appea red on DpO s h a k e ) . 
MS: 314 M"^  and 155 (hase p e a k ) . 
Hydrogenat ion of D io l 
A 0.2 g p o r t i o n of vmsa tura ted d i o l was hydrogenated 
in e t h a n o l s o l u t i o n at room t empera tu r e and a t a tmospher ic 
p r e s s u r e i n the p resence of I09S pa l l ad ium on c h a r c o a l t o 
g ive s a t u r a t e d dihydroxy acid which was c r y s t a l l i z e d from 
c y c l o h e x a n e - e t h y i a c e t a t e m i x t u r e . 
Pe rmangana te -pe r ioda t e o x i d a t i o n of 
Unsatxirated sind S a t u r a t e d Dio la 
A 0.1 g p o r t i o n of o i l and 0 .127 g of po tass ium 
carbona te were d i s s o l v e d i n t - b u t y l a l c o h o l (50 m l ) . To 
t h i s , a s o l u t i o n of me tape r ioda t e (0 .514 g) and potass ium 
permanganate ( 1 . 0 ml of 0.057M) in 50 ml water was added. 
The r e a c t i o n mix tu re was s t i r r e d a t ambient temperatvire for 
36 
24 hours, then reduced with sodixom metabisulphite, acidified 
with HCl and extracted with ether. Combined ether extracts 
after drying and evaporation, yielded a semisolid mixture of 
products. The products after methylation were analysed by 
GLC. 
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CHAPTER—3 
Cy clop r op (mold Fatly Acids 
The occurrence of cyclopropenoid fatty acids (CPFA), 
malvalic (XI) and sterculic (XII) in many species of the 
plant families, Bombacaceae, Malvaceae, Sterculiaceae and 
56 S7 
Tiliaceae was siunmarized "by Phelps et. al. , Recourt et_ al. 
58 
and Christi . Subsequently, a number of other species in 
these families have been analysed for CPFA^"~ . 
The cyclopropenoid fatty acid, dihydrosterculic acid (DHS), 
frequently occurs in oil containing CPFA . Litchi sinensis 
63 
seed oil has been reported -^  to contain this acid as a major 
component of 41.09^  and Euphoria longan oil contained 17.0?^  
of DHS, both species belong to the family Sapindaceae. 
Both malvalic (XI) and sterculic (XII) acids usually 
occur together and sometimes accomplished by small amount 
of their respective dihydro derivatives. In general, the 
quantity of sterculic acid predominates in Sterculiaceae and 
that malvalic acid in Malvaceae seed oils. 
Two other cyclopropenoid fatty acids D-2-hydroxy-
65 66 
sterculic (XIII) and sterculynic (8,9~niethyleneoctadec-
8-ene-17-ynoic) (XIV) were discovered in the seed oils of 
38 
P a q u i r a I n s l g n i s (Bombacaceae) and S t e r c u l l a a l a t a ( S t e r -
c u l i a c e a e ) . 
CH^ - ( C H 2 ) Y - C = C - (CH2)5 - COOH 
Malva l i c ac id ( H ) 
CH^ - (CH2)^ - c = C - (CHg)^ - COOH 
CH2 
Sterculic acid (XII) 
CH, - (CHp)„ - 0 = 0 - (CHp)^ - CH - COOH 
CH2 OH 
D-2-Hydroxys te rcu l ic - ac id (XI I I ) 
CH = C - (CH2)^ - C = C - (CH2)g - COOH 
CH2 
Sterculynic acid (XIV) 
Raju and Reiser have reported the presence of a 
CPPA with a chain length shorter than malvalic acid in Althea 
rosea (Malvaceae) seed oil. Ackman and Hooper mentioned 
C^  ^  CPFA with a cyclopropene ring near the terminal end 
(methyl side) in Euphoria longans (Sapindaceae). Pavonia 
sepium seed oil of Malvaceae contains higher amo\int of 
sterculic acid than that of malvalic, which was the first in 
39 
69 this family. Plerospermum acerifolium is unusual in being 
the first of the family Sterculiaceae in which malvalic acid 
was in greater quantity than sterculic acid. 
Recently, in author's laboratory, the seed oils of 
70 70 
Althea officinalis , Pentapetes phoenicea , Abelmoschus 
71 7? 7? 7^ 
moschatus , 51da acu t a , S_. r h o m b i f o l i a , S. g r ewio ides , 
H i b i s c u s c a e s i u s " .^ H. s a b d a r i f f a . H. f i c u l n e u s . E r i o l a e n a 
7fi 77 7R 
hookor iana , Abut i Ion indicum , S t e r c u l i a c o l o r a t a , Urena 
27 • 79 79 
loba t a , U. repanda , Thespes i a lampas and Malva 
RO 
s y l v e s t r i s have been r e p o r t e d to c o n t a i n s t e r c u l i c and 
m a l v a l i c a c i d s . ' -
D e t e c t i o n and C h a r a c t e r i z a t i o n of CPPA 
1 4 The CPFA-containing seed o i l s respond t o Halphen t e s t 
g i v i n g red or orange c o l o u r . The Halphen r e a c t i o n i n v o l v e s 
t h e opening of the r i n g a c r o s s t h e double bond. As t h e r e a c -
81 t i o n proceeds and t h e c o l o u r d e v e l o p s , Zahorsky et_ a l . 
e s t a b l i s h e d t h e s t r u c t u r e of t h e compounds (XI and XII) respon-
s i b l e fo r t h e development of t h e red o r orange c o l o u r . B a i l e y 
op 
et al, have established the structure of the products by IR 
spectroscopy. The reaction product gives strong band at 905 
cm" . The mechanism of the reaction involves opening of the 
ring at one of the single bond with concomitant addition of 
HBr. According to Zeringu and Fabge and Fauge e_t_ al. 
40 
CPFA can be quantitatively determined by potentiometric tit-
ration and by titrating with HBr in toluene. 
CPFA show two prominent bands in IR spectroscopy, one 
at 1008-1010 cm" , attributed to the in-plane wagging vibra-
tion of the ring methylene group, the additional weaker band 
at 1852 cm is probably the stretching frequency of the 
ring double bond and can be demonstrated when purified com-
povmd or fractions are available but are of lesser value in 
examination of the crude oil. Measurement of the absorption 
at 1008-1010 cm" has been suggested as means of estimating 
the total CPFA. 
Cyclopropene ring methylene protons give rise to a 
distinctive signal at 6 0.8 (singlet). Pawlowski e_t al. 
described the use of NMR for quantitation of CPFA in the 
oils. Good accuracy is obtained at CPFA concentration of 
1 .Qf^ to 100.0^. 
Several methods have been developed for the isolation 
and quantitation, but the absolute quantities of cyclopro-
penoid fatty acids in fats and oils have not so far been 
determined by any reliable method. 
The direct GLC of the CPFA is not a successful method 
owing to thermal instability of cyclopropene ring. Cyclopro-
penoid esters either readily rearrange or decompose on the 
41 
column to give spurious peak. Methyl linoleate and methyl 
malvalate are either unresolved or incompletely resolved on 
both polar and non-polar columns. If highly inert support 
and silicon liquid phase are used, however, successful GLC 
of the native ester is possible. Recourt e_t al. have 
successfully chromatographed methyl sterculate on a well 
conditioned EG-SS-X columaa where it elutes Just after methyl 
linoleate. 
86 Very recetnly Fisher and Schuller have developed a 
gas chromatographic method for the analysis of CPFA in seve-
ral oils that contain 8.58?^  CPFA. 
To overcome this difficulty for analytical purposes, 
the cyclopropenoid moities are suitably modified chemically 
8*7 88 8Q 
by hydrogenation ' or by reaction with mercaptans or 
silver nitrate ' . In this way the GLC analysis can be 
quantitative. 
In author's laboratory, silver nitrate adduct forma-
tion technique has been found to be successful as this method 
apart from giving fine resolution of sterculate and malvalate 
in the GLC chromatogram, has the additional advantage of not 
reacting with other unsaturated acids present in the oil. 
42 
Cyclopropenoid Fatty Acid of Abutllon ramosvun 
and Salmalia malabaricum Seed Oil 
Recently, CPFA have been the subject of much inves-
tigation due to their profound biological effects on ani-
92-94 95 96 
mals and co-carcinogenic properties^ ' . As a part 
of the screening programme aimed for the search for biologi-
cally active cyclopropene acids in the seed oils ~ , it 
was found that the seed oils of Abut lion ramosxim (Malvaceae) 
and Salmalia malabaricum (Bombacaceae) responded to Halphen 
test, indicating the presence of CPFA which was further 
confirmed by HBr-titration at 55°C. Therefore, the seed 
oil of A. ramosum, not previously analysed, was thoroughly 
studied for the estimation and characterization of indivi-
dual cyclopropenoid acids. Earlier work ' on ^ . malabaricum 
seed oil indicated the amount of sterculic acid (11.05!^ ) 
which was found higher than malvalic acid il.5'fo). This oil 
has been reinvestigated to search any more unusual acid in 
it. But in the present investigation, there were no indica-
tions of unusual component acids except the previously 
reported cyclopropenoid acids. However, a remarkable 
variation in the content of fatty acids of both the investi-
gations was observed. In the present investigation the 
amount of malvalic acid (9«8^) was higher than sterculic 
acid (6.3%). 
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Light petrole\im extraction of crushed seeds gave 
15.8^ and 40.2% oil from A. ramosixm and S. malaharicum 
seeds,respectively. The analytical values of oils and 
seeds were determined according to procedures recommended 
21 by AOCS and the data are summarized in Table VIII. 
1 4 The oils gave positive Halphen test indicating the 
presence of cyclopropenoid fatty acids. The oils and their 
methyl esters gave characteristic IR band at 1008 cm" and 
another weak band at 1853 cm" (cyclopropene). NMR spectra 
have shown singlet at 6 0.79 for two protons (C = C). 
The UV spectra showed no conjugated \insaturation. The 
possibility of transunsaturation and presence of any un-
usual fatty acid other than CPFA in the oils was ruled out 
on the basis of TLC, UY, IR and NMR spectroscopy, picric 
acid and DNP tests. 
Direct TLC showed only one spot. The silver ion TLC 
showed distinct spots of saturates, monoene, diene and tri-
ene parallel to those obtained from Sterculia foetida oil 
resolved along side. An additional spot was visible just 
below the saturates, which might be due to CPFA present in 
each esters. 
It is well established fact that in the GLC analysis 
the peaks of malvalic and linoleic acids overlap with each 
44 
other . To overcome t h i s d i f f i c u l t y , methyl e s t e r s of both 
the o i l s were analysed by GLC a f t e r treatment with saturated 
solut ion of s i l v e r n i t r a t e in absolute methanol to form 
s tab le de r iva t ives of CPFA (Scheme 3) following the procedure 
qi 
of Schneider et. a l . . The GLC analysis (Table IX) c l ea r ly 
es tabl ished the presence of malvalic ( 2 . 5 ^ , A. ramosum; 9.8%, 
^. malabaricum) and s t e r c u l i c (1.3?^, A. ramosum; 6.3% B. 
malabaricum) acids by comparison of the r e l a t i v e r e t en t ion 
time with that of the de r iva t ives of S.. foe t lda e s t e r used 
as the reference standard. The q u a n t i t a t i v e analys is of 
"54 o 
t o t a l CPFA was also car r ied out by HBr-t i t ration-^ at 55 C, 
ind ica t ing the presence of 3.6?^ and 15.8% CPFA in A. ramosum 
and S_. malabaricum seed o i l s , r e spec t i ve ly . 
CH, - iCii2h 
Scheme - 3 
C = C - (CHp) 
CHo 
- COOCH, 
( X I , X I I ) 
AgNO,-MeOH 
CHoOGH, CHoOCH, 
CH -(CH2)^-C=CH-(CH2)n-°00CH, CH,-( CH2) ^-C!H=C-( CH^) j^-COOCH^ 
(XVa,XVIa) (XVb,XVIb) 
GH, 0 
CH,-(CH2)^-C-C-(CH2)j^-C00CH^ CH^-( C!H2)^-C-C-( CH2)^-C00CH^ 
CHo 
II 
0 
(XVII a , X V I I I a ) ( X V I I b , X V I I I b ) 
X I , XV, XVII , n = 6 
X I I , XVI, X V I I I , n = 7 
TABLE VI I I 
Phys ico -chemica l c h a r a c t e r i s t i c s of A. 
S. malabarictun seed and 
O i l c o n t e n t , io 
P r o t e i n c o n t e n t , Nx6.25 , ^ 
Mois tu re c o n t e n t , % 
Unsaponif i a b l e c o n t e n t , io 
Iod ine va lue 
S a p o n i f i c a t i o n va lue 
30 R e f r a c t i v e index , nr 
Helphen t e s t 
HBr e q u i v a l e n t a t 55°C 
o i l ! 
4' 
• 
3 
. ramosum 
15.8 
15.1 
6 .8 
2 . 5 
110.89 
195.69 
1.4821 
P o s i t i v e 
3 . 6 
ramosum and 
s. malabaricxom 
40 .2 
13.7 
10 .6 
0 . 7 
70.31 
189.84 
1 .4872 
P o s i t i v e 
15 .8 
TABLE IX 
F a t t y ac id composi t ion (wt . fo) of A. ramo3\im and 
S,. malabaricum seed o i l s 
F a t t y a c i d s A. ramosvun S_. malabaricum 
Tr 1 .4 
1.0 2 .6 
1.8 
19.1 19.7 
0 .5 
6.5 0.1 
23.7 45 .0 
42 .6 11.4 
0 .9 0 .2 
3.4 
2 .5 9 .8 
1.3 6.3 
12 
14 
15 
16 
16 
18 
18 
18 
18 
20 
• 
• 
• 
• 
• 
• 
: 
• 
• 
• 
• 
• 
« 
* * 
0 
0 
0 
0 
r 
0 
1 
2 
3 
0 
Malva l i c 
S t e r c u l i c 
Tr / 0.09 
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EXPERIMENTAL 
General Methods 
Spectroscopic and chromatographic analyses of oils 
and their methyl esters were done according to the method 
as described in Chapter one. Oils characteristics and seeds 
21 properties were determined by AOCS methods. 
Transesterification 
The fatty acid methyl esters of the oils were prepared 
by sodium methoxide (0.5N) as mentioned in the Chapter two. 
Halphen Colour Test 
A solution of sulphur (1^ in CSp) was prepared for 
the Halphen test. The oil (1 ml) was taken in amyl alcohol 
(1 ml) and mixed with 1 ml of the above reagent. The mix-
ture was heated on a water bath for a few minutes till CSp 
had boiled off. On keeping the test tube in boiling water-
bath for half an hour, a red colour appeared, characteristic 
of cyclopropene moiety. 
Preparation of AgNQ^ Derivatives 
A 200 mg of methyl ester was treated with 60 ml of 
absolute methanol saturated with silver nitrate. The reac-
tion was allowed to proceed at room temperature with stirr-
ing for 24 hours. The normal methyl esters and the reaction 
46 
products from cyclopropene were recovered from the reaction 
mixture ty adding 100 ml of distilled water and extracting 
with ether. The combined ether extracts were dried over 
sodium sulphate and evaporated in a stream of nitrogen. 
Hydrogen Bromide Titration 
HBr titration was carried out in the same way as 
described in Chapter two, but at 55 C. 
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CHAPTER—4 
HBr-Reactive Fatty Acids 
Sporadic repor t s have e a r l i e r appeared about natu-
r a l l y occurring HBr-reactive ac ids , cyclopropenoid, epoxy 
and conjugated dienol acids of continuing i n t e r e s t to l i p i d 
chemists. Recently, cyclopropenoid and epoxy acids have 
been the subject of much inves t iga t ion due to t h e i r profound 
b io log ica l e f fec ts on animals and co-carcinogenic proper-
Q2-Q6 t i e s ^ ^ . The biogenet ic oddity associated with malvaceous 
seed o i l s i s t ha t seed o i l s containing CPFA contain measur-
able amounts of epoxy fa t ty acid. But, recent ly Bohannan 
fin 
and Kleiman reported simultaneous occurrence of cyclopro-
penoid and epoxy fa t ty acids in Sterculeace (Firmiana 
p l a t i n i f o l i a and Pterygota a la ta ) and Bombacaceae (Choris ia 
speciosa ) seed o i l s . 
During the l a s t few yea r s , these two f a t t y acids were 
75 reported from au tho r ' s labora tory , in Hibiscus sabdoriffa , 
71 75 
Abelmoschus moschatus , Hibiscus f iculneus and Malva 
s y l v e s t i s . 
HBr-Reactive Fat ty Acids of Malvaceous Seed Oils 
The present work descr ibes the f a t t y acid composition 
of two seed o i l s . Hibiscus esculentus and Sida co rd i fo l i a 
48 
(Malvaceae), which contain both epoxy and cyclopropenoid 
fatty acids. The former is a case of reinvestigation and 
the latter has not been analysed earlier. 
H. esculentus seed oil, (commonly called Bhindi) has 
been examined by two groups of workers ' , where they have 
reported different kinds of HBr-reactive acids. Mallah _et_ 
98 ^ 
al. reported 4.9% of epoxy acid as the only HBr-reactive 
acid in addition to other usual fatty acids without cyclo-
propene acids. " While malvalic (0.5%), sterculic (trace), 
dihydrosterculic (1.5%) and no epoxy acid was reported to 
occur in the oil by Raju and Reiser . The variability in 
these two investigations prompted us to re-examine this oil 
for the estimation and characterization of individual HBr-
reactive (cyclopropene and/or epoxy) acids. In the present 
investigation small amount of malvalic (0.8%) and sterculic 
(0.2%) but a higher amoxint of epoxy acid (10.1%) were 
noticeable compared to epoxy percentage reported by Mallah 
et al.98. 
Sida cordifolia is the first species of genus Sida 
to contain epoxy (coronaric) acid along with cyclopropenoid 
fatty acid. Previously from author's laboratory only CPFA 
72 72 
have been reported in ^ . rombifolia , ^ . acuta , and S. 
73 grewoides -^  seed oils. 
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Ground seeds of S_. cordlfolia and H. esculentus were 
exhaustively Soxhelet-extracted with light petroleum ether. 
The analytical values of oils and seeds were determined 
21 
according to the standard procedures of AOCS and the data 
are summarized in Table X. 
The UV spectra showed no conjugation in the oils and 
their respective methyl esters. The IR spectra of methyl 
ester and oil of S_, cordifolia showed a characteristic band 
at 1010 cm" (cyclopropene) and two weak bands at 845 and 
825 cm" (epoxy group). The IR spectra of H. esculentus oil 
gave characteristic bands at 845 and 825 cm" for epoxy 
group, but no significant absorption for cyclopropene group, 
presiimably due to its very low concentration. Both the oils 
responded to Halphen and picric acid TLC tests for the pre-
sence of cyclopropenoid and epoxygenated acids,- respectively. 
Titration of the oil with HBr according to the procedure of 
Harris jet al. at 3 and 55 C indicated the presence of 
epoxy and cyclopropenoid fatty acids (Table X). 
The saponification and iodine values of the oils 
showed deviation from the corresponding theoretical values 
(calculated from the fatty acid composition). This observa-
tion supports the presence of unusual components in the oils, 
because the differences in values occur in oils containing 
either high concentration of unsaponifiable or unusual 
structural feature. 
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The methyl e s t e r s of both the o i l s were obtained by-
base catalysed t r a n s e s t e r i f i c a t i o n . The methyl e s t e r s on 
d i rec t TLC showed two d i s t i n c t spo ts . The f i r s t spot gave 
pos i t i ve Halphen t e s t i nd ica t ing the presence of cyclopro-
pene acid and the second spot responded to p i c r i c acid TLC^, 
showing the presence of epoxy group. The oxygenated and 
non-oxygenated t r i g l y c e r i d e f r ac t ion of the S. co rd i fo l i a 
and H. esculentus seed o i l s were separated by prepara t ive 
TLC and londertaken separa te ly for charac te r iza t ion of i n -
d iv idual component ac ids . 
Character iza t ion of Ijon-oxygenated Frac t ion (I) 
The non-oxygenated f rac t ion of both the o i l s (Halphen 
t e s t pos i t ive) were subjected to t r a n s e s t e r i f i c a t i o n and 
examined by various TLC techniques using S te rcu l i a foe t ida 
e s t e r as the reference standard. The IR and UV spectrum 
confirmed the presence of cyclopropenoid acid as' the only 
-1 -1 
HBr-reacting acid. The IR bands at 828 cm and 848 cm 
(epoxy group) disappeared in these f r ac t i ons . NMR spectrvun 
of the t o t a l methyl e s t e r s (^. cord i fo l ia ) gave a t y p i c a l 
c h a r a c t e r i s t i c s ing le t of two protons at 6 0.73 for cyclo-
propenoid r ing . 
GLC of the AgNO-T-MeOH t r e a t e d e s t e r s c lea r ly showed 
the presence of malvalic and s t e r c u l i c acids by comparison 
of the re ten t ion times with t h a t of S. foe t ida AgNO -^MeOH 
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t r ea ted methyl e s t e r s as described in chapter t h r e e . The 
GLC data (Table XI) showed tha t the nonoxygenated f rac t ions 
of S.. co rd i fo l i a and H. esculentus seed o i l s contained 27.1?^ 
(malvalic 12.65^ and s t e r c u l i c 14.5?^) and 1.25^ (malvalic 0 . ^ 
and s t e r c u l i c 0.3?^) CPFA respec t ive ly , which was in good 
agreement with the values obtained by H B r - t i t r a t i o n . 
Character izat ion of Oxygenated Fract ion of S. co rd i fo l i a 
The epoxy acid was character ized by obtaining i t s 
corresponding dihydroxy acid (m.p. 58-59 C). The dihyd-
roxy acid i so la ted by column chromatography was equivalent 
to 12.1^ and the epoxy content estimated by HBr - t i t r a t i on 
at 3°C, was 12.4^ (Table X). The s t ruc tu re of the dihydroxy 
acid was es tabl i shed by c a t a l y t i c a l hydrogenation, oxidat ive 
cleavage,m.p. , TLCs, IR and NMR c h a r a c t e r i s t i c s . I t absorbed 
one mole of hydrogen (one double bond). A co-TLC on ordinary, 
s i l v e r n i t r a t e and bor ic acid impregnated p l a t e with the 
au then t i c , threo-9.10-dihydroxyoctadec-cis-12-enoic acid 
showed the i d e n t i t y of the two dihydroxy ac ids . The IR and 
NMR spect ra were superimposable with tha t of an authent ic 
50 sample. Permanganate-periodate cleavage (Scheme - 2) also 
confirmed the proposed s t r u c t u r e . These r e s u l t s demonstrate 
conclusively that the o r ig ina l epoxy acid i s cis-9»10-epoxy-
octadec-cis-12-enoic (coronaric) acid. 
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Character iza t ion of Oxygenated Fract ion of H. esculentus 
The ace to lys i s of oxygenated f rac t ion followed by 
saponif icat ion gave "dihydroxy acid (m.p. 52-53 C) . The 
i d e n t i t y of t h i s acid was es tab l i shed by c a t a l y t i c a l hydro-
genation, oxidat ive cleavage and comparison of i t s m.p . , 
TLCs, IR and NMR c h a r a c t e r i s t i c s with the authent ic th reo-12 , 
13-dihydroxyoctadec-cis-9-enoic acid , as described in chap-
t e r two. Thus the o r ig ina l component of the o i l from which 
dihydroxy acid was obtained, was threo-12,13-epoxyoctadec-
c i s -9 -eno ic (vernol ic) acid. 
The r e s u l t i n g dihydroxy acid of epoxide i so la t ed by 
column chromatography was equivalent to 9.9?^ of the t o t a l 
o i l . The HBr- t i t r a t ion of the o i l at 3°C indicated 10.1?^ 
epoxy acid (Table X). 
Experimental 
All the experimental procedures were car r ied out in 
the same way as described in chapter t h r ee , and chapter two. 
TABLE X 
Physico-chemical characteristics of S_. cordifolia and 
H. esculentus seeds and oils 
3. cordifolia H. esculentus 
Oil content, 9^  
Protein content, Nx6.25, ^  
Moisture content, % 
Unsaponifiable content, % 
Iodine value 
Saponification value 
Refractive index 
Helphen test 
Picric acid TLC test 
Oxirane oxygen 
HBr equivalent at 3 C 
a Expressed as % epoxy acid 
b Expressed as fo CPFA (malvalic + sterculic) 
30.7 
19.4 
10.8 
1.9 
81 .2 
197.4 
1 .4679 
Positive 
Positive 
0.61 
12.4 
26.9 
10.1 
22.1 
4.0 
1 .2 
53.0 
186.32 
1.4842 
Positive 
Positive 
0.5 
10.1 
1 .1 
TABLE XI 
GLC a n a l y s i s of t h e AgNO,-methanol t r e a t e d non-oxygenated 
f r a c t i o n of S. c a r d l f o l i a and H. e s c u l e n t u s seed o i l s 
P a t t y a c i d s §_. c a r d i f o l i a H. e s c u l e n t u s 
12:0 - 0.3 
14:0 0.8 0.2 
16:0 15.5 29.3 
18:0 6.9 0.3 
18:1 15.7 18.0 
18:2 34.6 20.5 
18:3 1.3 
20:0 - 27.6 
20:1 - 2.6 
M a l v a l i c ' 1 2 . 6 0 .9 
S t e r c u l i c 14.5 0 .3 
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CHAPTER—5 
Hydroxy Fatty Acids 
Fat ty acids containing hydroxyl groups are widely 
d i s t r i b u t e d both in vegetable and animal f a t s . Published 
information concerning hydroxy f a t t y acids has been reviewed 
by Downing-^^. Major amounts of hydroxy acids are known to 
occur in obscure seed o i l s but only a few have been sub-
jected to developmental research . The only hydroxylated 
vegetable o i l (commercially ava i lab le ) i s cas tor o i l (Ricinus 
communis) in which r i c i n o l e i c (1 2-hydroxyoctadec-cis--9-enoic) 
acid was charac te r ized . l a t e r , t h i s acid was reported to 
occur in other species of genus Ricinus (R. zanzibarinus) 
Two Hiptage o i l s ' ' were s i g n i f i c a n t l y described as 
the other sources of t h i s acid. 
Recently, the family Apocynaceae has gained promi-
nance in containing i s o r i c i n o l e i c (g-hydroxyoctadec-c is - l2-
enoic) acid in three genera of t h i s family, namely, 
Holarrhena -^ , Strophanthus and Nerium . The composi-
t i o n a l s tud ies on o i l s from indigenous medicinal seeds car r ied 
105 out in the au tho r ' s labora tory led to the discovery of an 
add i t iona l genus Wrightia of Apocynaceae, whose o i l s were 
found r ich in i s o r i c i n o l e i c acid . Previously only conven-
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t i o n a l f a t t y acids were reported from seed o i l of V. 
t i -n tor ia . However, t h i s o i l was re inves t iga ted to e s t a -
b l i sh the presence of above y-hydroxyolefinic acid . An 
1 07 
a d d i t i o n a l s p e c i e s , W. c o c c i n e a ' was found t o be t h e 
r i c h e s t s o u r c e of i s o r i c i n o l e i c a c i d ( 7 6 . 1 ^ ) t h a n t h e s e e d 
o i l o f H o l a r r h e n a a n t i d y s e n t e r i a ( 7 3 . 6 ^ ) . 
N a t u r a l l y o c c u r r i n g h y d r o x y o l e f i n i c a c i d s h a v e 
e i t h e r a ^ - h y d r o x y o l e f i n i c o r a Y - h y d r o x y o l e f i n i c u n s a t u -
r a t i o n . A new' i s o m e r of r i c i n o l e i c a c i d was fo\ind a s a 
m ino r component of P l a n t a g o m a j o r ( P l a n t a g i n a c e a e ) s eed 
1 nfl 
o i l . The s t r u c t u r e of t h i s p r e v i o u s l y unknown P-hydroxy-
o l e f i n i c a c i d was a s s i g n e d a s 9 - h y d r o x y - c i s - 1 2 - o c t a d e c e n o i c 
a c i d . 
O c c u r r e n c e of t h e hyd roxy a c i d s w i t h mono- , d i - and 
t r i - v m s a t u r a t i o n ( c o n j u g a t e d and n o n - c o n j u g a t e d ) and w i t h o u t 
u n s a t u r a t i o n were r e p o r t e d t o o c c u r i n many s p e c i e s of 
1 OQ E u p h o r b i a c e a e ^. R e c e n t l y , from t h e a u t h o r ' s l a b o r a t o r y 
t h e r e a p p e a r e d a r e p o r t ^ on t h e o c c u r r e n c e of a new n o n -
v i c i n a l d i h y d r o x y m o n o s a t u r a t e d ( 1 1 , 1 3 - d i h y d r o x y t e t r a c o s -
t r a n 3 - 9 - e n o i c ) a c i d i n t h e seed o i l of Ba l iospe rmum 
a x i l l a r e . 
S e v e r a l h y d r o x y a c i d s were r e p o r t e d t o be g l y c e r i d e 
c o n s t i t u e n t s ' bu t a n o n v i c i n a l 9 , 1 4 - d i h y d r o x y o c t a d e c -
1 0 , 1 2 - d i e n o i c a c i d was d e s c r i b e d a s an a r t i f a c t i n A l e u r i t e s 
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11 "5 fordil seed oil . Recently, another nonvicinal diol 
acid was reported to be a minor triglyceride constituent 
of Peganum harmala (Rutaceae) seed oil from the author's 
laboratory. It is the first higher plant so far reported 
in the literature to contain this naturally occurring non-
vicinal diol (9,14-dihydroxyoctadecanoic) acid. 
The occurrence of short chain hydroxy fatty acids 
in seed oils is a rare phenomenon. However, the only seed 
oil of the Proteaceae family to contain a hydroxy acid 
(monohydroxy myristic) was the seed fat of Embothrium 
11 5 
coccinixim . Other short chain hydroxy fatty acids, con-
taining one or more hydroxyl groups bound glycosidically to 
sugar moieties, were reported in the seed oils of the family 
Convolvulaceae ' . Most recently, a hitherto unknown 
hydroxy acid was isolated from Blepharis sindica (Acanthaceae) 
11ft 
seed oil and characterized as 9--hydroxydodecanoic acid 
Detection and Characterization of Hydroxy Fatty Acids 
The analysis of the oxygenated fatty acids has created 
many problems in their detection, isolation and structure 
determination. If oxygenated acid is present in the seed 
lipids, then it should be examined as fully as possible by 
non-destructive techniques. 
The presence of hydroxy acids in the oils can easily 
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be detected by IR spectrum and direct TLC of their methyl 
esters. Due to the greater polarity of oxygenated frac-
tions, a direct TLC gives spots of lower R^ value indicat-
ing the presence of the oxygenated acids which include 
hydroxy, epoxy and keto acids. Hydroxy functional groups 
in the chain have a considerable effect on mobility where-
as the presence of an isolated double bond has no effect. 
IR spectrometry is widely used in lipid chemistry 
studies dealing primarily with the effect of inter and 
intrajDolecular interaction on the IR spectra of hydroxy 
acids and related compo\ands. The broad IR band at 3300-3500 
cm~ in a seed oil shows the presence of hydroxy group. 
The NMR spectra of the hydroxy fatty acids give 
two signals which represent the hydroxyl proton and the 
-CHTO proton. The CH-0 proton gives signal at 6 4.6. The 
chemical shift of the OH proton is variable with dilution 
because of hydrogen bonding. Hence it can be identified by 
noting that the signal changes its position when the spec-
tium is determined at a different concentrations. The 
signal of OH proton can be eliminated by adding deuterium 
oxide (DpO) to the sample solution. All the isomeric hyd-
roxystearates can be distinguished by NMR spectroscopy when 
quinoline is used as solvent. 
Mass spectroscopy is an excellent tool for the struc-
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ture determination of long chain carboxylic acids. In the 
mass spectra of hydroxy esters, it has been observed that 
the molecular ion peak is usually small or absent. The 
most prominent peak in the high mass region occurs at M-18 
indicating that a molecule of water has been lost from the 
molecular ion. The peak at m/z, M-32 (loss of methanol) 
indicates that some dehydration had occurred. The location 
of hydroxy1 group is indicated by the ion arising through 
a-cleavage on the far side of the hydroxyl group. Variation 
of the position of the hydroxy group in the chain can give 
rise to considerable change in the ion ab-undances parti-
cularly when the hydroxy group is near the extreme end. 
Hydroxy Fatty Acid in Seme carpus cruzii 
(Anacardiaceae) Seed Oil 
During the last fifty years the production and utili-
zation of fatty acids have grown both in size and diversity. 
Today fatty acids find their way into thousands of uses and 
most of them are mainly through derivatizations. Keeping 
in view the importance of the hydroxy containing fatty acids 
in various applications, in the present study a detailed 
analysis of seed oil of Seme carpus cruzii was carried out. 
Interesting feature of the present study is the presence of 
isoricinoleic acid, not reported so far in the seed oils of 
Anacardiaceae family. 
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Exhaustive extraction of the powdered seed of S. 
cruzii with light petroleum gave 11.5^ oil. The analytical 
values of the oil and seeds were determined according to 
21 the AOCS methods and the data are s^ immarized in Table XII. 
_1 
Its IR spectrum showed hand at 5400 cm for hydroxy group. 
Picric acid TLC, DNP TLC and Halphen tests ruled out the 
presence of epoxy, keto and cyclopropenoid fatty acids, res-
pectively. The presence of trans unsaturation and conjuga-
tion was ruled out on the hasis of UV and IR spectral ana-
lyses. Preliminary analysis by quantitative co-TLC of the 
oil with Wrlghtia tinctoria seed oil showed a similar mobi-
lity. Argentation TLC of mixed methyl esters showed a slow 
moving spot similar to that of methyl isoricinoleate run 
alongside. To determine the identity of the hydroxy acid, a 
concentrate of pure hydroxy acid was isolated from total 
mixed fatty acids (MFA) by preparative TLC and undertaken 
separately for characterization. Quantitation of component 
acid was made by G-LC analysis of the silylated methyl ester. 
Characterization of Hydroxy Fatty Acid 
The elemental analysis of its methyl ester corres-
ponded to the formula C.qH,gO, suggesting a monohydroxy acid. 
A co-TLC of the said sample with the standard isoricinoleic 
acid (obtained from V. tinctoria) gave a single spot. The 
IR spectrum of pure hydroxy ester showed a very strong 
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absorption band at 3400 cm" for hydroxy group, 1740 cm" 
for e s t e r carbonyl and 1640 cm"" for the unsa tu ra t ion . NMR 
spectrum of hydroxy e s t e r gave c h a r a c t e r i s t i c s igna ls at 
6 5.31 m(2H, -CH=CH-), 4.2 b r , 8(1H, CH-OH which disappeared 
a f t e r D2O shake), 3.6 s(3H, COOH^), 3.45 m(1H, GH-OH), 2.24 
m(6H,a to e s t e r carbonyl and unsa tu ra t i on ) , 1.3 (chain 
methylene protons) and 0.9 t(3H, terminal CH,). The above 
spec t ra l data showed the presence of hydroxy group with one 
c i s double bond. The IR spectrum of acetyla ted de r iva t ive 
of hydroxy group gave no OH band (3400 cm" ) but showed new 
bands at 1730 and 1210 cm for ace ta te group. The MR 
spectrum of acetyla ted der iva t ive gave two s ign i f i can t s i g -
na l s a t 6 5.32m(1H, -CH-OAc) and 7.93 s(3H, OCOCH,) bes ides 
the usual e s te r s igna l s . 
Hydrogenation of \msaturated hydroxy acid (XIX) gave 
sa turated 9-hydroxyoctadecanoic acid (XX) which was c rys -
t a l l i z e d from a mixture of petroleum ether and d i e thy l e ther 
( 4 : 1 ) . The c r y s t a l l i n e sample melted at 81-82°C e i t h e r 
alone or mixed with authent ic 9-hydroxyoctadecanoic ac id . 
The co-TLC of e s t e r of the vmknown hydroxy acid and standard 
methyl i s o r i c i n o l e a t e on d i rec t TLC and Ag"*" TLC gave single 
spot. Chromic acid oxidation of t h i s acid gave 9-ketoocta-
decanoic acid (XXI), melting at 79-80°C. No depression in 
melting point was observed on admixture with au thent ic 
9-ketooctadecanoic acid obtained from reference i s o r i c i n o -
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l e i c a c i d . The IR spectrizm gave a c l e a r band at 1710 cm" , 
c h a r a c t e r i s t i c of f r e e s a t u r a t e d ca rbony l . 
The i d e n t i t y of t h e hydroxy acid was f u r t h e r suppor ted 
by t h e mass spec t roscopy of i t s methyl e s t e r . The molecu la r 
ion peak was p r e s e n t a t m/z 312. The o t h e r peaks observed 
at m/z 310 (M-2H) , 295 (M-OH) , 294 (M-HjO) , 281 (M-CH^O,) , 
280 (M-CH^OH), 263 (294-CH^O or 295-CH,0H), 253 (M-COOCH^), 
239 (M-CHp-COOCH,) suppor ted t h e above s t r u c t u r e . The f o r -
mation of othei* s i g n i f i c a n t fragment ions (Chart - 3) a t 
m/z 255 (M-C^Hg), 241 (M-C^H^^), 237 (255-H2O), 223 (255 -
CH^OH), 201 (187 + CHj), 187 (M-CgH^^), 185 (187-2H), 169 
(I87-H2O or I55+CE2), 155 (M-CgH^^), 153 (155-2H), 137 (155-
H2O) , 111 (M-G^^Hg^O^) and 57 ( C . H Q , base peak) confirmed 
t h e s t r u c t u r e of hydroxy ac id (XIX) as methyl 9 -hydroxyoc ta -
d e c - c i s - 1 2 - e n o a t e . 
F u r t h e r i d e n t i f i c a t i o n of the ac id was ob ta ined by 
50 pe rmangana te -pe r ioda t e o x i d a t i o n (Scheme - 4) of unknown 
ac id as w e l l as a u t h e n t i c i s o r i c i n o l e i c acid and the r e s u l t -
ing p r o d u c t s a f t e r m e t h y l a t i o n i d e n t i f i e d by GLC. The 
u n s a t u r a t e d hydroxy ac id afforded methyl hexanoate (XXII) 
and Y- l ac tone (XXIII , IR band a t 1775 cm" ) , t h u s l o c a t i n g 
t h e p o s i t i o n of double bond at 0^2 ^^^ hydroxy group at CQ. 
GLC a n a l y s i s of t h e methyl e s t e r , as t r i m e t h y l s i l y l 
d e r i v a t i v e , was c a r r i e d out and the r e s u l t s a re given in 
Table X I I I . 
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Scheme - 4 
CH^-( CHg) 4-CH=CH-( CHj) 2-CH-( CHg) ^-COOH 
OH 
(XIX) 
H2Pd/c 
C H , - ( C H 2 ) Q - C H - R 
OH . 
(XX) 
CrO,/HOAc 
CH-7 — { CHo) o~C—R 3 2 8 II 
0 
(XXI) 
M n 0 - / I 0 ; 
CH,-(CH2)4-C00H 
(XXII) 
+ 
0 = C - ( C H 2 ) 2 ~ ^ - ^ 
•0 
(XXII I ) 
R = ( C H 2 ) Y - C 0 0 H 
TABLE XII 
Physico-chemical c h a r a c t e r i s t i c s of §.. c r u z i i seeds and o i l 
Oil content , fo 11.5 
Prote in content , i> 8.6 
Moisture content , ^ 4.1 
Unsaponifiable content , % 0.6 
Iodine value 87.8 
Saponif icat ion value 175.6 
30 
Refractive index ni 1.479 
TABLE XIII 
Fatty acid composition (wt.?^ ) of S. cruzii seed oil 
14:0 16:0 16:1 18:0 18:1 18:2 18:3 Isoricinoleic 
acid 
0.1 18.5 0.3 12.1 33.4 25.0 0.2 10.5 
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EXPERIMENTAL 
General Methods 
All the spectroscopic and chromatographic analyses 
of oil and seeds were carried out in the same way as 
detailed in earlier chapters. The analytical values of oil 
21 
and seeds were carried out by AOCS methods. 
Isolation of Hydroxy Acid from Semecarpus cruzii Seed Oil 
Hydroxy acid was isolated from mixed fatty acid (MFA) 
of Semecarpus cruzii seed oil by coliimn chromatography. The 
isolated fraction gave single spot on analytical TLC plate. 
Corresponding methyl ester was obtained by usual methylation 
procedure and subjected to chemical reaction. 
IR (CCl^): 3400 (OH), 1640 cm~^ (C=C). 
NMR (CCI4): 6 5.51 m (2H, CH=CH), 4.2 m, (1H, CH-OH), 
3.45 m (1H, CH-OH). 
Hydrogenation of Hydroxy Acid 
The pure" hydroxy acid (XIX, 0.2 g) was dissolved in 
ethyl acetate (2 ml) and hydrogenated over palladivim-carbon 
(10^) at 45 psi for 12 hours at room temperature. The 
hydrogenated acid gave a solid which on crystallization from 
petrole\im-ether (60:40) yielded pure saturated hydroxy acid 
(XX), m.p. 80-81°C. 
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Oxidation of 9-hydroxystearic Acid 
A loo mg 9-iiydroxystearic acid (XX) was oxidized with 
chromixim trioxide (0.32 g) in 2 ml acetic acid according to 
the procedure recommended by Smith and coworkers ^  The 
resulted product, 9-ketostearic acid (XXI) was crystallized 
from methanol, m.p. and m.m.p. 79_80°C. 
Oxidative Degradation of Hydroxy Acid 
The vmsaturated hydroxy acid (XIX) was cleaved oxi-
SO datively by von Rudloff reagent as described earlier. 
Acetyl Derivative 
The 50 mg of hydroxy ester was dissolved in a mixture 
of acetic anhydride and pyridine (2 ml; 5:1, v/v) and 
allowed to stand at room temperature for a day. The reagent 
(acetic anhydride and pyridine) was removed under reduced 
pressure. The usual workup with ether gave methyl 9-acetoxy-
cis-J 2-octadecenoate. 
Silylation of Methyl Ester 
10 mg methyl ester was added to a solution of pyridine 
(1 ml), hexamethyl disilazane (0.3 ml) and trimethylchlorosi-
lane (0.1 ml). The reaction mixture was left at room tempe-
rature for 30 minutes after shaking. Then 5 ml hexane and 5 
ml water was added and the whole mixture was shaken. 
Aqueous layer was separated and washed twice with 10 ml 
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hexane. The combined hexane layers were dried over anhydrous 
sodium sulphate. The solvent was removed under vacuo until 
the odour of pyridine faded out. The silylated derivative 
was subjected to (jLC. 
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Heterocyclic compounds occur widely in nature as 
alkaloids, vitamins, pigments and a variety of plant and 
animal cell constituents. The applications of these com-
pounds are many-fold: their vital role in hiological pro-
cesses and their economic value as solvents, dyes and 
pharmaceuticals. The rapid expansion of investigation in 
this field is due largely to the ever increasing practical 
importance of heterocyclic compounds. Presently, the deve-
lopment of organic chemistry and closely allied branches of 
biology is characterized by extensive investigation of 
physiologically active substances encountered in the plant 
and animal world. Moreover, there are many well known 
applications of heterocyclic compounds in the manufacture 
of synthetic resins, rubbers and other important materials. 
The recent advances in spectroscopic and chromatographic 
techniques have further eased the understanding of the mecha-
nisms of formation and reactions of heterocycles and to the 
synthesis of highly complex molecules with known and con-
trolled stereochemistry. 
It is now realized that organic chemistry is, to a 
large extent, a study of reactions of functional groups with 
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significant involvement of polar, steric, conformational and 
neighbouring group effects. During the recent years new and 
interesting reactions of fatty acids have been described 
that provide new route to the synthesis of a variety of 
fatty acid derivatives. The growing demand of fatty chemi-
cals as intermediate raw materials has diverted the atten-
tion of oil chemists from the analytical aspect of fats to 
the chemistry of unusual fatty acids. 
In recent years, there has been greatly increased 
interest in the heterocycles containing oxazolidone, oxa-
zolidinedinone and oxazoline ring systems These hetero-
cycles have been used as iiypnotics, anticonvulsants, anal-
gesic and bacteriostatic. Moreover, there are many appli-
cations of these compounds in the manufacture of synthetic 
resins and rubbers. Although these heterocycles are known 
for long, the recent literature shows little activity in 
the search for synthesis of these compounds from fatty 
materials. Reactionsof fatty acids with modern reagents 
can be expected to find applications in the synthesis of 
these heterocycles that heretofore have been difficult to 
prepare. 
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CHAPTER—6 
2'Oxazolines 
Oxazol ines have been known fo r many y e a r s but only in 
1 2 
r ecen t y e a r s the chemical l i t e r a t u r e * has shown c o n s i d e r -
ab le a c t i v i t y i n t h i s f i e l d . 
Oxazol ines a re five-membered h e t e r o c y c l i c compounds 
having one double bond. The double bond may be l oca t ed at 
any one of t h e t h r e e p o s i t i o n s , t h u s making p o s s i b l e the 
e x i s t e n c e of t h e t h r e e d i f f e r e n t o x a z o l i n e r i n g s , 2 -oxazo l ine 
( I ) , 3-.oxazoline ( I I ) , and 4 - o x a z o l i n e ( I I I ) . Among them 
t h e 2 -oxazo l ine r i n g i s most common. Very l i t t l e i s known 
about the 3 - and 4 - o x a z o l i n e s . 
R. ^ R ^ R. yR^ R. ^Rg 
>C C ^C G ^C = C 
/ ' W. 
^2 N 0 ^4 N 0 ^3 N 0 
/ 
Re ^ C C ^'5 0 
' / \ / \ 
R^ R^ R^ R^ R^ 
( I ) ( I I ) ( I I I ) 
The oxazo l ine r i n g r e p r e s e n t s an i n t e r e s t i n g s t r u c -
t u r e to bu i l d a wide v a r i e t y of compoiinds having p r o p e r t i e s 
which make them of i n t e r e s t i n many f i e l d s of a p p l i c a t i o n . 
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Oxazolines have been inves t iga ted widely for pharma-
c e u t i c a l uses . They are spec ia l ly useful as t r a n q u i l i z i n g 
agents and cen t ra l nervous system regu la to r s , e .g . 
2-amino-2-oxa2olines. They are known to have vasocons t r i c -
7-1 0 t o r ac t ion , useful as l oca l anes the t i c and show sympatho-
11 
mimetic cardiovascular effects . Some of the derivatives 
12 5 
possess sedative activity and are antihypertensive . 
Their wide pharmaceutical applications also recognise them 
interestingly as central nervous system stimulators -^' and 
5 
centre nervous system depressants having low toxicity . 
Alkyl substituted oxazolines are specially effective against 
1 5 
staphylococcus aureus, e.g. 2-methyl-2-oxazoline . Few of 
2 
them are also recognized as antimicrobial and bactereocidal. 
Other applications include the use of 2-oxazolines as pro-
tective coatings, surface active agents, additives, corro-
sion inhibitors, antifcam agents, textile chemicals, adhe-
2 
sive stabilizers, protective films and plasticizers . 
The 2-oxazolines are very reactive substances. These 
are usually readily hydrolysed to the corresponding N-^-hyd-
roxyalkylcarboxamide , when exposed in air for few days. 
2 
These compounds provide appropriate derivatives . 
Hydrogens located on the a-carbon of an alkyl group 
in the 2-position are active and are readily replaced with 
other groups. Oxazoline ring contains N=C grouping which is 
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bas ic in nature and forms s a l t s with d i f ferent ac ids and 
quatemery compounds with a lky lha l i de s . In 2-oxazolines 
some ac t ive groups can be subs t i tu ted at C. and C^. 
The above mentioned appl ica t ions both b io log ica l and 
nonbiological , prompted chemists to synthes is of 2-oxazo-
l i n e s . They can be su i tab ly prepared from amino a lcohols , 
amides, halomides, a z i r i d i n e s , epoxides and Grignard 
2 
reagents . 
The reac t ion of epoxides and n i t r i l e s provided an 
a t t r a c t i v e approach to the synthesis of 2-oxazolines involv-
ing r ing enlargement of epoxides. The use of epoxides as 
subs t ra te and n i t r i l e as reagent has been one of the most 
exploi ted method for the preparat ion of oxazol ines . Oda 
1 7 et a l . were f i r s t to repor t t h i s reac t ion using ethylene 
oxide and benzon i t r i l e with cone. HpSO. as ca t a ly s t but in 
low y ie lds (5-21?^). The product was a mixture of two pos i -
t i o n a l isomers cons is t ing of (7:1) 2 ,4-d ie thyl -2-oxazol ine 
and 2 ,5-d ie thy l -2-oxazol ine . 
1 R Temnikova and Zhesko reported the condensation of 
a-methoxy, a-phenyl and /3-dimethyl ethylene oxide with 
benzon i t r i l e in CCl^ in the presence of SnCl. to give a 
yellow green complex which a f t e r treatment with aqueous 
NaOH gave 5,5-dimethyl-4-methoxy-2,4-diphenyl-2-oxazoline 
(m.p. 55°C). 
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.1 9 
Temnikova and Yanaovskii reported tha t the react ion 
of benzon i t r i l e with p -ch loro-2 ,2 -d imethy l - l ,2 - s ty rene 
epoxide in dibutyi e ther gives 4 ,4-dimethyl-2-phenyl-5-
(p-chlorophenyl;-2-oxa2oline, whereas react ion of 2 , 2 - d i -
methyl styrene epoxides with benzon i t r i l e in same solvent 
gives isomeric 4 ,4-dimethyl -2 , 5-diphenyl-2-oxazoline and 
5,5-dimethyl-2, 4-diphenyl-2-oxazoline in the r a t i o of 2 : 1 . 
20 
Nerdel e t ^ . obtained 5-chloromethyl-^-(mono, d i , 
t r i ) f luoromethyl-2-oxazoline in sa t i s fy ing y i e ld s from the 
apppropriate f luo r ina ted n i t r i l e and l -ch loro-2 ,3-epoxypro-
pane in the presence of tetraethylammonium bromide (TEAB). 
21 Yandovskii and Temnikova carred out condensation 
of cx-oxides with b e n z o n i t r i l e , 1-methoxy-2-met3ayl-1 , 2-epoxy-
propane in OCl. solut ion containing SnCl^. This was used to 
prepare 4-methoxy-2-oxazoline d e r i v a t i v e s . 
22 
Hayashi and Ueda prepared oxazoline from the reac t ion 
of epoxide and n i t r i l e - t i n chlor ide adduct. N i t r i l e s were 
t r e a t e d with SnGl^ with ice cooling and then with 0.2 moles 
of epoxide at 5-10°C and bas i f ied t o obtain the d i f ferent 
oxazol ines . 
25 
Wohl and Cannie discussed the stereochemistry of 
2-oxazoline formation from the epoxide. The mechanism 
^ % ^ 
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i n v o l v e s t h e a c i d - c a t a l y s e d r i n g opening of epoxides wi th 
n i t r i l e s to g ive 2 - o x a z o l i n e s . They took 2 ,3-epoxybutane 
as s u b s t r a t e t o s tudy t h e s t e r e o c h e m i s t r y of t h i s r e a c t i o n . 
Thus t h e r e a c t i o n of c i£ -2 ,5 - epoxybu tane wi th CH,CN gave 
t r a n s - 2 , 4 , 5 - t r i m e t h y l - 2 - o x a z o l i n e e x c l u s i v e l y (V) while t h e 
t r a n s isomer of t h e s u b s t r a t e gave £ i _ s - 2 , 4 , 5 - t r i m e t h y l - 2 -
oxazo l ine (VII) as t h e s o l e o x a z o l i n e . 
H,C CH, H CH, 
^ 0 ^ ^ N 0 
% / 
CH^ 
(IV) (V) 
H /OH3 • H ^H 
JTc C-v CH,CN 'C Ct^  
H,C^- \ / 'H ^ > H , C ^ I I ^CH, 
5 ^ 0 ^ ^ N 0 ^ 
I 
(VI) (VII) 
Synthesis of Long-Chain 2-Oxazolines 
In view of the aforementioned importance of 
oxazolines,an attempt was made to synthesise 2-oxazolines 
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from methyl 10,11-epoxyundecanoate (X) by using a c e t o n i t r i l e , 
p r o p i o n i t r i l e and b e n z o n i t r i l e . 
Epoxidation of Methyl lO-iindecenoate (IX) 
Reaction of methyl 10-undecenoate with m-chloro-
O A 
perhenzoic acid (m-CPBA) in chloroform yielded the methyl 
10,11-epoxyundecanoate (X) (Scheme 1) and i t s s t ruc tu re was 
es tabl i shed by the elemental and s p e c t r a l study. The IR and 
MR spectra of the product (X) showed the disappearance of 
carbon-carbon double bond suggesting the incorporat ion of 
the epoxide r ing in the chain. This was evident from the 
c h a r a c t e r i s t i c bands at 850 and 825 cm"" (epoxy r i n g ) . The 
NMR spectrum of the compound gave no s ignal at 6 5.4 which 
shows the absence of double bond. NMR gave c h a r a c t e r i s t i c 
s ignal at 6 2.9 m (3H, CH2-CH). 
V" 
Scheme 1 
CH2 = CH - (0112)3 - COOH 
(VII I ) 
i CH^OH/^ "^ 
CH2 = CH - ( C H 2 ) Q - COOCH, 
(IX) 
room temp. m-CPBA/CHClTr 
4, y 
CHp - CH - (CH^)^ - COOCH, 
^ 0 ^ (X) 
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React ion of Methyl 10,11-epoxyundecanoate (X) 
wi th A c e t o n i t r i l e 
Equimolar amounts of methyl 1 0 ,11-epoxyxindecanoate 
(X) and BF^ — e t h e r a t e i n excess of a c e t o n i t r i l e were s t i r r e d 
1 6 
fo r 5 h r s . a t room tempera tu re . The p r o g r e s s of t he r e a c -
t i o n mixture was monitored by TLC. F i n a l workup gave two 
p roduc t s which were s epa ra t ed by column chromatography u s i n g 
s i l i c a g e l as adsorbent (Scheme 2 ) . 
Scheme 2 
CH„ - CH ( C H 2 ) Q - COOCH^  
(X) 
CH,CN 
B F , - e t h e r a t e 
1 
CH, - CH 
I 2 1 
( C H 2 ) Q - COOCH^ 
N 0 
\ ? 
CH 
(XI) 
1 ^ 
NH 1 
C=0 1 
CH^ 
(XII) 
CH 
1 
OH 
( C H 2 ) Q - COOCH^ 
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C h a r a c t e r i z a t i o n of Product (XI) 
M i c r o a n a l y s i s of product (XI) corresponded t o 
C^.H2cO^N. I t s IR spectrum e x h i b i t e d a b s o r p t i o n bands a t 
1735 (cgOCH^), 1665 ( C = N ) , 1445, 1370 (C-N-C-s t r e t ch ing ) 
and 1210, 1190 and 1080 cm"^ ( C - 0 - C - ) . The NMR spectrum 
was more h e l p f u l fo r t h e e s t a b l i s h m e n t of t h e s t r u c t u r e of 
compoiind (XI ) . The NMR spectrum e x h i b i t e d s i g n a l s a t 6 1.22 
b r , s (cha in methylene p r o t o n s ) , 1.8 s (3H, CH-, a t t a c h e d t o 
the oxazo l ine r i n g ) , 2.21 m (2H, CH2-C00CH^), 3.4 d (2H, 
CH2-N), 3.63 s (3H, COOCH,) and 4 .0 m (1H, CH-0). 
On t h e b a s i s of above d a t a t h e compound (XI) was 
formulated as 2 -methy l -5 -ca rbomethoxynony l -2 -oxazo l ine , 
The s t r u c t u r e of XI was f u r t h e r confirmed by i t s mass 
s p e c t r a l study (Char t - 1 ) . I t gave molecu la r ion peak at 
m/z 255 in a d d i t i o n to o t h e r peaks a t m/z 257 (M+2), 256 
(M+1), 240 (M-CH,), 226 (24O-CH2), 224 (M-CH^O), 223 (M-
CH,OH). The o t h e r d i a g n o s t i c peaks were observed a t m/z 228 
(M-C2H^), 215 (M-C2H2N), 214 (215-H), 213 (M-C2H2O) or 
(214-H) , 212 (M-CgH^O) or (213-H) , 2o6 (224-H2O), 205 (223-
HgO), 201 (M-C5H4N), 200 (201-H), 197 (215-H2O), 196 (214-
H2O) and I69 , base peak, (201-CH,0H). The c h a r a c t e r i s t i c 
peak at m/z 84 was t h e r e s u l t of a - c l e a v a g e of t h e oxazo l ine 
r i n g . The o t h e r peaks were observed at m/z 98 (84+CH2), 
70 (84-CH2) and 69 (84-CH,) . These peaks confirmed t h e 
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s t r u c t u r e a s s i g n e d t o t h e compound ( X I ) . 
C h a r a c t e r i z a t i o n of the Product (XII) 
The e l e m e n t a l a n a l y s i s of product (XII) accounted f o r 
t h e formula C^.Hp,^O.N, The IE spectrum of t h e compound (XII) 
showed a b s o r p t i o n peaks a t 3370-3420 (OH), 3290 (-NH s t r e t c h -
i n g ) , 1735 (^OOGH^), 1645 (NHCOGH )^ , 1455 , 1370 (C-N) gnd 
1200, 1175 and 1065 cm"' (C-O) . The s t r u c t u r e was f u r t h e r 
suppor ted by i t s NMR s p e c t r a l s t u d y . The NMR spectrum 
showed s i g n a l s a t § 2 .0 s (3H, NH-CO-CH^) , 2 .8 m (1H, CH-OH, 
d i sappeared a f t e r DgO s h a k e ) , 3.5 d (2H, CH2-N), 3.97 m (1H, 
CH-OH) and 6.62 m (1H, NH, d i sappeared on D2O shake) a longwi th 
u sua l f a t t y e s t e r s i g n a l s . 
The mass s p e c t r a l s tudy of XII c o r r o b o r a t e d the 
s t r u c t u r e XII (Chart - 2) . I t gave a smal l molecular ion 
peak a t m/z 273 . The o t h e r s t r u c t u r e - r e v e a l i n g peaks 
appeared a t m/z 256 (M-OH) , 255 (M-HgO) , 242 (M-CH^O), 241 
(M-GH3OH), 224 (242-H2O), 223 (255-CH^-OH) and 214 (M-GOOCH )^ . 
Pew more s i g n i f i c a n t fragment ions appeared a t m/z 240 
(255-CH^), 230 (M-OgH^O) , • 21 5 (M-O2H4ON), 213 (255-G2H2O), 
201 (M-C^gON), 200 (201-H) , 102 (M-C^QH^g02) a longwi th t h e 
consecu t ive i n c r e a s e of 14 mass u n i t , i . e . 116, I 3 0 , 144, 
158, 172, 186, 200 and 214 in a d d i t i o n to 84 ( 2 5 5 - C ^ Q H ^ ^02) , 
72 (M-G^.Hg^O,) and o t h e r low mass ion p e a k s . 
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On the ba s i s of the elemental composition and spec t ra l 
data the compound (XII) was assigned the s t ruc tu re as methyl 
1 O-hydroxy-11-dcetamidoundecanoate, 
Reaction of Methyl 10. 11-epoxyundecanoate (X) 
with P r o p i o n i t r i l e 
Equimolar quanti ty of methyl 10, 11-epoxyundecanoate 
(X) and f reshly d i s t i l l e d BF^-etherate was s t i r r e d in 
excess of p r o p i o n i t r i l e fo r 50-60 minutes at room tempera-
t u r e as described e a r l i e r . Direct TIC of the reac t ion 
mixture gave two d i s t i n c t spo t s . The solvent was removed 
under reduced p res su re . After the usual work-up the compo-
nen t s were separated by column chromatography (Scheme 3)• 
Scheme 3 
OH2 - OH - (CH2)Q - GOOGH5 
(X) 
02^5011 
BP-T-etherate 
GHo - OH 
I 1 
N 0 
C2H5 
(XIII) 
- (CH2)8 - COOCH5 CHg - GH - (GH2)8 " GOOGH5 
NH 
I 
G=0 
(XIV) 
OH 
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C h a r a c t e r i z a t i o n of P r o d u c t ( X I I I ) 
Mic roana lys i s of XI I I corresponded to G^  cHp,,O^N • 
The IR and NMR s p e c t r a of XIII were almost s i m i l a r to those 
of XI . I t s IR Spectrum e x h i b i t e d c h a r a c t e r i s t i c a b s o r p t i o n 
bands a t 1740 (CgOCH^), 1655 (G = 0 ) , 1440 cm~^ (G-N,) . The 
NMR spectrum of compound (XII I ) e x h i b i t e d s i g n a l s a t 6 1.84 
q. (2H, GHg-CK^ a t t a c h e d to the oxazo l ine r i a g ) , 3.39 d (2H, 
GHg-N), 3.94 m (1H, CK-0) and 1 .0 t (3H, N = G-NHg-GHj . 
The mass spectrum was more h e l p f u l f o r t h e c h a r a c t e r -
r i z a t i o n of t h e compound (XII I ) (Chart - 3 ) . I t gave a 
smal l molecular ion peak a t in/z 269. The o t h e r peaks were 
observed a t m/z 270 (M+1), 268 (M-1) , 254 (M-GH^) , 237 
(M-CH^OH) and 210 (M-COOGH,) . The s i g n i f i c a n t f r a g m e n t a t i o n 
i o n s appeared a t m/z 240 (M-CgH^) , 228 (M-G^H^) , 226 (240-
CHg), 215 (M-C3H4N), 214 (215-H) , 213 (M-G5H4O), 212 (213-H) , 
201 (M-C^HgN), 200 (201-H) , 198(M-G^5N0) , 197 (2I5-H2O), 
196 (2I4-H2O). a - c l eavage t o the oxazo l ine r i n g gave peak a t 
m/z 98 wi th 14 mass u n i t d i f f e r e n c e which showed t h a t e i g h t 
methylene groups were a t t a c h e d t o t h e r i n g . Few o t h e r impor-
t a n t peaks were observed a t 69 (98-G2Hc) , 57 (98-0^115), 
44 (98-G3H4N) and 41 ( 5 7 - 0 ) . 
On the b a s i s of e l ementa l and s p e c t r a l d a t a t h e 
compound (XII I ) was fo rmula t ed as 2 - e thy l -5 -ca rbome thoxy-
n o n y l - 2 - o x a z o l i n e . 
C h a r t - 3 
CH, - CH 
H 
m/z 215 
CH, - ,CH 
'N 0 
m/z 228 
R 
R 
CH2 ~ CH - R 
N 
^ , 
0 
m/z 240 
CH - R 
II 
"OH 
m/z 201 
CH CH - R 
+' 
H 
m/z 215 
CH, ~ CH - (CH, )„ - COOCH, 
N 0 
CH, 
N 
CH 
\ / 
C2H5 
C2H5 
m/z 98 
'N — CH - R 
III I 
C — 0 
m/z 226 
R = ( C H 2 ) Q - C 0 0 C H , 
M + 
J 
269 
CH, CH 
I 
+ N O 
m/z 69 
N — CH 
II 1 1 ^ 
y - o 
C2H5 
m/z 84 
in 
O 
CM 
o 
CM 
O 
CNJ 
CM 
o 
I 
O 
O 
I. 
-/" 
5" 
-2^ 
<o 
^ . 
:£^ 
o 
\ 
<o 
< o — : ^ 
^ 
in 
in 
—r-
O 
CD 
o o 
sr 
—T" 
o 
CO 
o 
sr 
A1ISN31NI 3AliV13y 
X 
o Q 
O 
cC 
N ^ 
. U-
e o 
o 
sr 
• ' • 
H 
o 
o 
CO 
y 
r) 
' 1 
o 
Q-
85 
C h a r a c t e r i z a t i o n of Product (XIV) 
Elementa l a n a l y s i s of compound (XIV) corresponded t o 
the formula C.nHpqO.. The IR and NMR s p e c t r a of t h i s com-
pound were very s i m i l a r t o the s p e c t r a of compoiind (XII) . 
The IR spectr\am of t h i s product d i s p l a y e d a b s o r p t i o n bands 
at 3370-3400 (OH), 3200 (-NH), 1740 (COOCH )^ , 1650 cm"''(NHCO) 
The s t r u c t u r e of XIV was f u r t h e r suppor ted by i t s NMR 
spectrum. I t gave c h a r a c t e r i s t i c peaks at 6 1.98 m (2H, 
HN-CO-CHg), 3.55 d (2H, CH2-N), 3 .80 m (1H, CH-OH), 4 .85 m 
(1H, CH-OH d i sappeared a f t e r D2O s h a k e ) , 5.5 m (1H, NH, DpO 
exchangeable) and 1.05 t (3H, NHCOCH2-CH,), The above e l e -
menta l and s p e c t r a l d a t a confirmed t h e compo\and (XIV) as methyl 
I0 -hydroxy-11-propioamidoundecanoa te . 
Reac t ion of Methyl 10,11-epoxyundecanoate (X) 
wi th B e n z o n i t r i l e 
The r e a c t i o n was c a r r i e d out by s t i r r i n g equimolar 
amounts of methyl 10,11-epoxyundecanoate (X) and BP- , -e thera te 
complex wi th excess of b e n z o n i t r i l e as so lven t fo r 5 h r s . 
a t room t e m p e r a t u r e . The p r o g r e s s of t h e r e a c t i o n was 
monitored by TLC. The TLC of t h e r e a c t i o n mix ture r e v e a l e d 
t h r e e components, out of which only two p r o d u c t s were i s o -
l a t e d by column chromatography. These p r o d u c t s were 
c h a r a c t e r i z e d on the b a s i s of e l e m e n t a l a n a l y s i s and 
s p e c t r a l s t u d i e s (Scheme 4 ) . 
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Scheme 4 
CH. 
N 
% , 
CH 
I 
0 
(XV) 
CH^ - CH - ( C H , ) p - COOCH, 
(CH;,) 2'Q 
0 
(X) 
C5H5CN 
B F , - e t h e r a t e 
COOCH^ CH2 CH 
I 
NH OH 
I 
C = 0 
(XVI) 
1 
- ( C H 2 ) 8 - COOCH^ 
Characterization of Product (XV) 
The microanalysis of the product (XV) corresponded 
to the formula C^QHPYO-^N. Its IR spectrum exhibited absorp-
tion bands at 3080 (C-H stretching, aromatic), 1735 (COOCH,), 
1660 (C=K), 1455, 1480 and 16OO (benzene ring stretching), 
1440, 1360 (C-N) and 735 cm~^  (=C-H wagging). The structure 
was further supported by its NMR spectrum. The NMR spectrum 
gave signals at 6 3.47 d (2H, CH2-N) , 3.95 m (1H, CH-0) and 
7.5 m (5H, C-CgH^). 
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These da ta helped to assign the s t ruc tu re as 
2-phenyl-5-carbomethoxynonyl-2-oxazoline (X7), 
Characterization of the Product (XVI) 
The e l emen ta l a n a l y s i s of t h e compound (XVI) 
accounted fo r t h e formula C.pHpQO.N. The IR spectrum 
d i sp l ayed t h e a b s o r p t i o n hands at 3380-3410 (OH), 3275 (~NH 
s t r e t c h i n g ) , 3070 (G-H s t r e t c h i n g , a r o m a t i c ) , 1740 (COOCH,), 
1470, 1590 (benzene r i n g s t r e t c h i n g ) , 1650 (NH-CO), 1450, 
1370 (C-N s t r e t c h i n g ) and 720 cm"'' ( = G-H,wag.)- The KMR 
spectrum of t h e compound (XVI) e x h i b i t e d s i g n a l s a t 6 2.9 
m (1H, CH-OH, D2O exchangeab le ) , 3.52 d (2H, CH2-N), 3.79 m 
(1H, CH-OH), 5.1 ni(1H, NH-C,D20 exchangeable) and 7 .53 m 
(5H, C-CgHc) . Thus the compo\md (XVI) was ass igned s t r u c -
t u r e a s methyl 1O-hydroxy-11-benzamidoimdecanoate. 
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CHAPTER—7 
2'Oxazolidones 
Oxazolidones are an important class of heterocyclic 
compounds containing a saturated five membered ring having 
a non-adjacent oxygen and nitrogen atoms with one carbonyl 
group. 
In the recent past multifolded importance was attached 
to the synthesis of oxazolidones and its derivates because of 
25 their immense biological activities and industrial uses . 
The interest in the synthesis of oxazolidones centres aro\ind 
their medicinal properties. Numerous oxazolidone derivatives 
p fz on 
have found applications as antidepressant , antibacterial , 
28 2Q 
mosquito repellant, traaaquilizer fvmgicidal * ^, anticonvul-
sant , antibiotic , antiinflammatory and other such 
25 33 
uses . Derivatives of 2-oxazolidones have been polymerized ^ 
and copolymerized-^^. The polymers have been suggested for 
many uses: fiber, tablet coating, lubricant, cigarette filter, 
ore clarification, dye assistant for textile, dry strippting 
composition, bleeding of dyes, hair setting composition and 
in preparation of thermoplastic foams with several other 
25 uses •^. 
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The earliest knovm 5-chloromethyl-2-oxazolidone 
35 
reported by Themson , was synthesized from epichlorohydrin 
and potassium cyanate. The Concise review on the various 
methods of synthesis of oxazolidones was compiled by Con-
forth . This review was later detailed by Martin et_ al. ''. 
The synthesis of oxazolidones generally involved the 
cyclization of compounds containing the two heteroatoms and 
a carbonyl group or as in other cases coupling of two or 
three different molecules containing the heteroatoms. For 
example, halohydrins on treatment with isocyanates gave 
carbamates which were subsequently cyclized in the presence 
of a base to yield oxazolidones'^ ' . The carbonyl groups 
of aldehydes were also involved in coupling of the two ends 
of carbamates in the formation of oxazolidones. 
39 40 41 
Zhelyozkar et_ al. ' and Jaiswal et_ al. made a 
significant observation that hydrazides on treatment with 
nitrous acid underCwent rearrangement followed by ring 
closure to give oxazolidones. 
Oxazolidones have also been prepared by the reaction 
25 
of epoxide with cyanuric acid, urea, substituted urea , 
42 43 44 45 
urethanes , cyanamide , dithiolane and oxathiolanes ' . 
The reactions of epoxide with orgajiic isocyanates have 
received much attention recently. The reactions have been 
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carr ied out in d i f fe ren t so lvents , such as dimethylformamide, 
a c e t o n i t r i l e , dioxane e t c . and sometime without solvent . 
Cata lys ts employed are amines ' , l i thium chloride and 
sometime without ca t a ly s t . Lewis prepared oxazolidones 
by the reac t ion of epoxide with i socyanate . In t h i s r e a c -
t ion the yield was reported to be 93fo when calcium 
ethoxide was used as c a t a l y s t . E t l i s e_t a l . and Peinauer 
et a l . have reported the formation of 2-oxazolidones from 
the reac t ion of epoxide with i so th iocyana te . 
Synthesis of Long-Chain 2-Oxazolidones 
The synthesis of oxazolidone de r iva t ives i s of great 
importance due to t h e i r immense b io log ica l a c t i v i t i e s and 
i n d u s t r i a l uses . Keeping in view the above mentioned impor-
tance of oxazolidone d e r i v a t i v e s , two long chain epoxides, 
methyl 1 0,11-epoxytindecanoate (X) and methyl c i s -9 ,1 0-epoxy-
octadecanoate (XIX), were allowed to react with p - to luene-
sulfonylisocyanate for the synthesis of oxazolidones. 
Epoxidation of Methyl c is -9-octadecenoate ^ ' ' 
Epoxidation of methyl cis-9-octadecenoat:i'^ (XVIII) 
was carr ied out with m-chloroperbenzoic ac i / i . The s t ruc tu re 
of methyl cis-9,10-epoxyoctadecanoate (XZtX) was es tab l i shed 
by elemental ana lys is and spec t r a l s ^ d y (Scheme 5) . I t s 
IR spectrum gave c h a r a c t e r i s t i c barids at 825 and 845 cm"^  
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f o r t h e epoxy r i n g . The M R s p e c t r u m gave a c h a r a c t e r i s t i c 
s i g n a l a t 6 2 . 8 m f o r two epoxy p r o t o n s i n a d d i t i o n t o t h e 
o t h e r common f a t t y e s t e r s i g n a l s . 
Scheme 5 
CH^ - (CH2)y - CH = CH - ( ( ^ 2 ) ^ - COOH 
(XVII) 
CH^OH 
sk 
H^  
CH ^  - (CH2)^ - CH = CH - (CHg)^ -
( X 7 I I I ) 
m-CPBA/CHCl, 
COOCH. 
room t e m p . 24 h r s , 
•^ 
CH, (C!H2)^ CH - CH -- (CH^)^ - COOCH, 
(XIX) 
Reaction of Methyl 10,11-epoxyundecanoate (X) 
v i t h p- toluenesulfonyl isocyanate 
The reac t ion was carr ied out by adding a solut ion of 
p- to luenesulfonyl isocyanate in dimethyl formamide (DMF) to 
a s t i r r e d , gently ref luxing solut ion of methyl 10,11-epoxy-
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l i n d e c a n o a t e (X) i n DMF u s i n g l i tTaium c h l o r i d e a s t h e c a t a -
l y s t . The r e s u l t i n g r e a c t i o n m i x t u r e was e x t r a c t e d w i t h 
e t h e r . The f i n a l r e a c t i o n m i x t u r e showed t h r e e d i s t i n c t 
s p o t s and one f a i n t s p o t on a n a l y t i c a l TLC p l a t e . Column 
c h r o m a t o g r a p h i c s e p a r a t i o n of t h e c r u d e m a t e r i a l o v e r s i l i c a 
g e l gave t h r e e TLC homogenous p r o d u c t s , t h e f o u r t h p r o d u c t 
e s c a p e d i s o l a t i o n owing t o i t s i n s u f f i c i e n t q u a n t i t y 
(Scheme 6 ) . The p u r e r e a c t i o n p r o d u c t s were c h a r a c t e r i z e d 
by e l e m e n t a l a n a l y s i s , IR, NMR and MS s p e c t r a l a n a l y s e s . -
Scheme 6 
CHg - CH - (OH,) p ; o "* COOCH^ 
(X) 
CH^CgH^S02CN 
Li CI 
DMF 
1 
CHo - CH 
NH 0 
^ C ^ 
(1 
0 
(XX) 
- R 
CH3H4 CgSO 
CH, - CH 
oN 0 
\ / 
II 
0 
(XXI) 
- R CHo - CH 
CH^H^CgS02NH OH 
(XXII) 
- R 
R = ( G H 2 ) Q - C 0 0 C H ^ 
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C h a r a c t e r i z a t i o n of t h e Product (XX) 
The product (XX) was ana lysed for C.^Hp'zO.N, I t 
gave IR bands at 3350 (NH), 1780 ( r i n g c a r b o n y l ) , 1740 
(COOCH,), 1400 (C-N), 1160, 1130, 1125 and 1070 cm"'' ( C - 0 ) . 
The NMR spectrxim was more h e l p f u l i n the assignment of t h e 
s t r u c t u r e f o r t h e product (XX). I t e x h i b i t e d peaks at 6 1.3 
b r , s ( f o r chain methylene p r o t o n s ) , 2 .3 m (2H, CH2-COOCH,), 
3.35 d (2H, CH2-N), 3.41 s (3H, COOCH,), 3.95 m (1H, CH-O) 
and 4 .9 m (1H>C-NH). These d a t a showed t h e compound (XX) to 
be 5 -ca rboxymethy lnony l -2 -oxa2o l idone . 
C h a r a c t e r i z a t i o n of Product (XXI) 
The m i c r o a n a l y s i s of t h e compoiond (XXI) i n d i c a t e d 
t h e formula Cp^^HpgOgNS. I t s IR spectrum gave bands a t 3090 
(C-H s t r e t c h i n g , a r o m a t i c ) , 1785 ( r i n g c a r b o n y l ) , 1740 
( e s t e r c a r b o n y l ) , I6OO, 1490, 1440 (benzene r i n g s t r e t c h i n g ) , 
1370 (C-N), 1155 (SOgN) and 740 cm"'' (=C-H wagging) . NMR 
spectrum of the compoimd (XXI) was more h e l p f u l i n t h e 
assignment of t he s t r u c t u r e as m e t h y l - N - p - t o l u e n e s u l f o n y l - 5 -
ca rboxymethy lnony l -2 -oxazo l idone . I t d i s p l a y e d the s i g n a l s 
at 6 3.32 d (CH2-N-SO2), 2.42 s (3H, Ph-CH^), 3.92 m (1H, 
CH-O) and a broad m u l t i p l e t cen t r ed a t 7.23 f o r four a r o -
mat ic p r o t o n s . 
The mass s p e c t r a l study of the above product f u r t h e r 
e l a b o r a t e d i t s s t r u c t u r e . The MS of XXI showed a smal l 
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molecu la r ion peak at m/z 411 (C2QH2q0gNS). The o t h e r s i g -
n i f i c a n t fragment i o n s appeared at m/z 352 (M-COOCH,), 358, 
324, 310, 296, 282, 268, 254 and 240 wi th 14 mass xmit 
d i f f e r e n c e i n d i c a t e d t h e p resence of n ine ca rbon-cha in 
a t t a c h e d t o t h e h e t e r o c y c l i c r i n g . The o t h e r c leavage 
i o n s were l oca t ed a t m/z 367 (M-COg), 241 (M-C^„H^g02), 
240 (M-C^QH^g02), 215 ( 0 ^ 2 ^ 2 3 ^ ^ ' ^^^ ( C Q H ^ O ^ N S ) , 212 
(°12^22°2N) ' 2^^ ( M - C ^ ^ H 2 Q O ^ ) , 201 (C^^H2^0^), 198 (213-CH3), 
182 (214-CH,OH), 180 (212-CH^OH), 169 (201-CH^OH), 181 
(212-CH,0) , 122 (198-CgH.) , 58 (I22-SO2) ^'^^ low mass ion 
peaks (Chart - 4 ) . 
C h a r a c t e r i z a t i o n of Product (XXII) 
The m i c r o a n a l y s i s of t h e product (XXII) gave t h e 
composi t ion C>. qH:,^  OcNS. IR spectrum of the product showed 
s t r u c t u r e - r e v e a l i n g a b s o r p t i o n s a t 3380-3420 (OH), 3180 
(-NH), 3050 (C-H s t r e t c h i n g , a r o m a t i c ) , 1735 (COOCH^), 
1470, 1575 (benzene r i n g s t r e t c h i n g ) , 1350 (C-N) and 1150 
(NSO2) , 750 cm" (=C-H wagging) . T e n t a t i v e assignment of 
t he st2ructure of XXII was a r r i v e d at by the s tudy of i t s 
NMR spectrum. I t e x h i b i t e d s i g n a l s a t 6 2.4 s (3H, Ph-CH,) , 
2.85 m (1H, CH-OH, exchangeable wi th D2O s h a k e ) , 3.5 d 
(2H, CH2-N), 3.94 m (1H, CH-OH), 6.15 m (1H, NH, exchangeable 
wi th DgO shake) and 7.25 b r , m ( f o r four a romat ic p r o t o n s ) . 
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Conclusive support t o the above s t r u c t u r e was 
ob ta ined from t h e mass s t u d y . MS of XXII gave molecu la r 
ion peak a t m/z 585 fol lowed by o t h e r s a l i e n t peaks at 
m/z 367 (M-H2O) , 230 (M-C-7HYO2S) , 214 (M-C^QH^ ^03) , 201 
(23O-CH5N), 199 (214-CH^), 196 (214 -HgO), 184 (M-Ci ^Hg^O^) , 
183 (20I-H2O or C^^H^g02), 170 ( 2 0 1 - 3 1 ) , 169 (184-15 o r 
201-32) , 155 (SO2 CgH^CH^), 139 (CgH^^O), 123 (199-CgH4), 
93 (169-CgH.) , 59 (123-SO2) and low mass ion peaks (Char t -
5 ) . Two a - c l e a v a g e ions from e i t h e r s ide of hydroxyl group 
were observed at m/z 214 and 201 which c l e a r l y e s t a b l i s h e d 
t h e p o s i t i o n of the hydroxyl group at C^^. The p o s i t i o n of 
p - t o l u e n e s u l p h o n y l amino group was l o c a t e d a t C-. ^ by having 
a mass ion at m/z 184. From t h e above d i s c u s s i o n , t h e 
product (XXII) i s a s s igned t h e s t r u c t u r e , methyl 10-hydroxy 
11 -p- to luenesu lphonamido\ indecanoa te . 
Reac t ion of Methyl 9 ,10-epoxyoc tadecanoa te (XIX) 
wi th p - t o l u e n e s u l f o n y l i s o c y a n a t e 
React ion of methyl 9 ,10-epoxyoc tadecanoa te (XIX) with 
p - t o l u e n e s u l f o n y l i s o c y a n a t e was c a r r i e d out vmder i d e n t i c a l 
r e a c t i o n c o n d i t i o n s a s i n t h e case of epoxyundecanoate u s ing 
equimolar q u a n t i t y of the s u b s t r a t e and r e a g e n t s . The p r o -
g r e s s of t h e r e a c t i o n mixture was monitored by TLC. The 
f i n a l r e a c t i o n mix tu re gave two d i s t i n c t s p o t s on a TIC 
p l a t e . Column chromatographic s e p a r a t i o n of t h e crude 
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m a t e r i a l y i e l d e d two p r o d u c t s (Scheme 7 ) . C o n f i r m a t i o n of 
t h e s t r u c t u r e s (XXII I and XXIV) i s b a s e d on c o m b u s t i o n and 
s p e c t r a l c h a r a c t e r i s t i c s . 
Scheme 7 
CH. - ( C H , ) ^ - CH - CH - (CHp)^ - COOCH, 
(XIX) 
R - CH - CH - R f 
0/R"N 0/NR" 
\ / 
II 
0 
(XXII I ) 
CH^CgH^SOgCN 
Li CI 
DMF 
R - CH 
I 
HO/R"m 
~l 
- CH - R' 
I 
OH/NHR" 
(XXIV) 
R = CH^-(CH2)7-
R'= (CH2)^-C00CH,; R" = CH^CgH^SOg 
C h a r a c t e r i z a t i o n of P r o d u c t (XXII I ) 
E l e m e n t a l a n a l y s i s of t h e p r o d u c t (XXI I I ) c o r r e s p o n d e d 
t o t h e c o m p o s i t i o n CgyH^^OgNS. I t s IR spectrxim r e v e a l e d t h e 
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formation of the he te rocyc l ic r ing by displaying d iagnost ic 
hands at 3050, 1590 (benzene r ing s t re tch ing) , 1775 ( r ing 
carbonyl) , 1735 ( e s t e r carbonyl) , 1375 (C-N), 1150 (SOjN) 
1160, 1120, 1135, 1090 cm"^  (C-0). NMR spectrum of XXIII 
provides the conclusive support to i t s s t r u c t u r e , as s ig -
na l s of s t r u c t u r a l importance were located at 6 3.3 m (1H, 
CH-NSO2), 2.46 s (3H, Ph-CH^), 3.97 m (1H, CH-0) and 7.23 
br,m (for four aromatic pro tons) . 
On the* bas i s of above da ta , the product (XXIII) was 
character ized as methyl-N-p-toluenesulfonyl-4(5)-carboxy-
methyloctyl -5(4) -oc ty l -2-oxazol idone . 
Character izat ion of Product (XXIV) 
Elemental composition gave the molecular formula 
Cp^H,|-Oc-SN. I t displayed the c h a r a c t e r i s t i c IR absorpt ions 
at 3350 (OH), 3200 (NH), 3060, 1580 (benzene r ing s t r e t c h -
ing ) , 1740 (COOCH,), 1360 (C-N) and 1155 cm"'' (NSO2) . NMR 
spectrum of t h i s product gave the informative s igna ls to 
a r r ive at the correct s t r u c t u r e . They were at 6 2.38 a (3H, 
Ph-CH^), 3.45 m (1H, CH-N),3.94 m(1H, CH-OH) , 3.79 m (IE, CH-OH 
disappeared on DgO shake), 5 .69 m (1H, NH) ,7.19-7,25 br,m (four 
protons for aromatic r ing) along with the normal f a t ty e s t e r 
s igna l s . These combustion and s p e c t r a l data c o l l e c t i v e l y 
es tabl ished the s t ruc tu re of the product (XXIV) to be an i s o -
meric mixture^ methyl 9( 1 0)-hydroxy, 10(9)-P-toluenesulf on-
amidooctadecanoate. 
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CHAPTER—8 
Thioethers 
There axe a nximber of sulfur-containing organic 
compounds in organic chemistry hut their chemistry is more 
complicated as compared to that of oxygenated compounds. 
The greater variety of species as well as complexity of the 
sulfur compounds result from the nature of sulfur being di-, 
tetra- or hexavalent. 
Sizeable literature has accumulated regarding the 
industrial uses of organic sulfur compounds. The addition 
of sulfur and sulfur compounds to unsaturated oils are fre-
quently used in the production of chemical materials suitable 
as lubricant additives, plasticisers and rubber like pro-
ducts. Few thioethers were also reported as tranquiliser 
and used in road marking paints^". They have been described 
useful in the preparation of thermo and photostable poly-
57 
mide and used in increasing thermal stability of rubber 
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and polymers . Recently, some thioethers have been synthe-
sized and tested for anti-inflammatory, neutrotropic, bac-
tericidal, fungicidal, anticholesteremic and hypolipemic 
activities ^~ . Higher molecular weight mercaptans have 
industrial applications as anticorrosive agents for lubri-
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eat ing o i l s , in making synthe t ic rubber as s t a r t i n g mate r i a l 
for manufacturing chemicals. Few t h i o e t h e r s are useful as 
in termedia tes for the preparat ion of wetting agents and 
4 - 6 2 detergents 
Reaction of mercaptoacetic acid with o l e f i n i c , mono-
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unsaturated f a t t y acid and e s t e r s gave t h i o e t h e r s . This 
i s a well known addit ion reac t ion which follows free r a d i c a l 
mechanism "* . However, there are only two c lasses of 
compounds r e l a t ed to f a t s and f a t t y ac ids , which have been 
inves t iga ted to any appreciable ex ten t . These are t h io 
acids and e s t e r s , sulfated and sulfonated acids ' . Few 
repor t s are avai lable on the addi t ion of mercaptans and 
mercaptides to unsaturated f a t t y ac ids . Oleic acid r e a c t s 
with mercaptoacetic acid to give t h i o e t h e r s , 9(10)-(carboxy-
methylthio)-octadecanoic acid. Same type of addi t ion pro-
ducts were obtained with undecenoic acid . Thioethers can 
also be synthesized by the action of the higher alcohols with 
a l k a l i and metal su l f ides . Unluckily the reac t ion i s marred 
by the side products . Thioethers are also prepared by the 
addi t ion of t h i o l to 10-undecenoic ac id . The reac t ion p ro -
ceeds moderately rapidly at low temperature below 100°C 
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\mder free r a d i c a l cond i t ions ' ^ . Some other types of t h i o -
e thers are also formed by addit ion of /5-mercaptoethanol, 
a - t o l u n e t h i o l , benzene t h i o l , 2-naphthalenethiol or n - o c t y l -
t h i o l to the undecenoic ac ids . F iese r et al."^^ also studied 
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the addition of y-^^eircaptoethajaol to s te r ica l ly unhindered 
a , p-unsaturated ketones in the presence of piperidine. The 
addition of p-meroaptoethanol resembles to benzyl mercaptan 
in i t s ab i l i ty to add to a, p-unsaturated ketones. Pew i so -
meric type thioethers have been synthesized by t rea t ing 
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thiolacet ic acid to oleic acid . Bisulphide derivatives 
of fa t ty acids and the i r methyl es ters have been prepared 
72 by the oxidation of mercapto compounds with iodine' . 
Synthesis of Long-Ohain Thioethers 
The introduction of hetero atom (sulfur) into the 
fa t ty acid chain will enhance the act iv i ty and a l t e r the 
character of the parent acid. These sulfurated derivatives 
may be of both academic and industr ial i n t e res t . L i t e ra -
ture »^ reports on sulfurated derivatives of only two 
acids, i . e . oleic and 10-undecenoic, are available. In 
continuation of a researcu programme aimed at the synthesis 
of new fa t ty acid derivatives, i t was considered desirable to 
prepare sulfur-derivatives from the less familiar fa t ty acids 
obtainable from indigenous seed o i l s . 
Isolation of Ricinoleic and Isoricin.oleic Acids 
Ricinoleic (12-hydroxy-cis-9-octadecenoic) (XXV) and 
isoricinoleic (9-hydroxy-cis-1 2-octadecenoic) (ZXVI) acids 
were isolated from castor (Ricinus communis)and Wrightia 
t i ag to r i a seed o i l s , respectively, following Gunstone's 
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procedure . Both the acids (XX7 and ZXVI) vere charac te-
r ized by spec t r a l ana ly s i s . 
iBolat ion of p e t r o s e l i n i c Acid 
P e t r o s e l i n i c (c is-6-octadecenoic) acid (XX7II) was 
i so l a t ed from Ajwain (Carum copticum, Umbelliferae) seed 
o i l following the method of Farooq et_ a l . ^. The acid 
(XXVIII) was i den t i f i ed by spec t r a l and elemental ana ly s i s . 
Reaction of 3-Mercaptopropan-1,2~diol 
with Methyl Ricinoleate.(XXy) 
Reaction of 5-mercaptopropan-1,2-diol with methyl 
r i c i n o l e a t e (XXV) was carr ied out in the presence of BF,-
e thera te by heat ing at 120^0. The reac t ion was monitored 
by TLC which showed two d i s t i n c t spots and one fa in t spot 
at low R^ va lues . Only two products were pur i f ied by s i l i c a 
ge l column chromatography. Both the products were charac te -
r ized by combustion and spec t r a l data (Scheme 8 ) . 
Character iza t ion of Product (XXIXa) 
The product (XXIXa) exhibi ted the elemental composi-
t ion corresponding to the formula Cg^^H.^OgS. I t s IR spec-
trum displayed c h a r a c t e r i s t i c bands at 3450 (2 x CH-OH), 
2920 (CH^-S, asymmetric s t r e t c h ) , 2840 (CH2-S, deformation), 
1745 (OCOCH^), 1730 (COOCH^), 1410 (CH2-S deformation), 1240 
( a c e t a t e ) , 1220 (CH2-S wagging), 1100, 1040 cm''' (C-0) . I t s 
Scheme 8 
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NMR spec t r tun e x h i b i t e d p e a k s a t 6 0 . 8 8 t ( t e r m i n a l m e t h y l 
p r o t o n s ) , 1.3 "br, s ( c h a i n m e t h y l e n e p r o t o n s ) , 2 .1 s (3H, 
OCOCH,), 2 . 2 2 m (2H, CH2-COOCH,, merged w i t h a c e t a t e p r o -
t o n s ) , 2 . 9 m (3H, CH-S-CH2) , 3 . 8 m (2H, 2 x CH-OH) , 3 . 6 8 s 
(3H, COOCH^), 4 .06m (2H,CH2-OAc) and 6 , 7 - 6 . 3 h r , s (2H, 
2 X CH-OH). On t h e b a s i s of t h e s e d a t a t h e p r o d u c t (XXIXa) 
was i d e n t i f i e d a s m e t h y l 1 2 - h y d r o x y - 9 ( 1 0 ) - ( 3 ' - m e r c a p t o p r o -
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p a n - 1 ' - a c e t o x y - 2 ' - o l ) o c t a d e c a n o a t e . 
The s t r u c t u r e of XXIXa was f u r t h e r confirmed hy i t s 
mass spectrum (Char t - 6 ) . I t showed molecu la r ion peak at 
m/z 462 a longwi th M+1 and M+2 peaks . The o t h e r d i a g n o s t i c 
peaks observed were a t m/z 419 (M-COCHg) , 321 (319 + 2H), 
313 (M-SCH2CH(0H)CH20Ac), 291 (333 - COCH2), 279 (321 -
COCH2), 263 (305 - COCH2), 249 (291 - COCH2), 231 (305 -
CH3OCOCH,), 221 , 219 (291 - CH2OCOCH2), 204 (221 - OH), 189 
(219 - CHOH), 175 (189 - CH2), 144 (176 - S ) , 131 (129 + 2H) 
and 73 (CH2OAC, base p e a k ) . 
C h a r a c t e r i z a t i o n of Produc t (XXIXb) 
The product (XXIXb) was ana lysed for C23H..OgS. I t s 
IR and NMR v a l u e s were almost same as product (XXIXa) except 
the d i s appea rance of e s t e r peaks a t 1730 cm~ and 6 3 . 6 8 . 
I n a d d i t i o n , i t showed peaks f o r c a r b o x y l i c func t ion a t 3450 
and 1710 cm"" in i t s IR spectrum and 6 9.45 i n NMR spect rum. 
The product (XXIXb) was i d e n t i f i e d as t h e hydro lysed product 
of product (XXIXa) and c h a r a c t e r i z e d as 12 -hydroxy-9 (10 ) -
(3 ' -mercap topropan-1 ' - a c e t o x y - 2 ' - 0 I ) oc t adecano ic a c i d . 
Reac t ion of 3 -Mercap top ropan -1 .2 -d io l 
wi th Methyl I s o r i c i n o l e a t e (XXVI) 
Methyl i s o r i c i n o l e a t e (XXVI) was t r e a t e d wi th 3-mer-
c a p t o p r o p a n - 1 , 2 - d i o l in p resence of a c e t i c ac id and B F , -
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e t h e r a t e . The reac t ion was monitored by TLC, which showed 
two d i s t i n c t spots . The reac t ion mixture was f rac t iona ted 
over s i l i c a gel column to give two TLC homogeneous products 
(Scheme 9)• 
Scheme 9 
'2U CH^ - (CHp)^ - CH = CH - ( C H 2 ) 2 - CH - ( ( ^ 2 ) ^ 
(XXVI) 
I 
OH 
- COOCH-
pSH 
-OH 
-OH 
AcOH 
BF,-e thera te 5 
CH, - (OR2U - CH •- CH - ( C H 2 ) 2 -- CH - ( C H 2 ) ^ - COOR  
I 
OH 
S - CHo - CH - CH^ 2 , , 2 
OH OAc 
(XXXa,h) 
XXXa: R = CH, 
XXXb: R = H 
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Character iza t ion of Product (XXXa) 
The e lua tes from petroletun e the r - e the r (80:20, v/v) 
gave a brown coloured o i ly l iqu id (XXXa). The microanalysis 
of the product corresponded to C2/H.gOgS. I t s IR spectrum 
revealed the same bands as tha t of product (XXIXa). I t s 
MR spectrvuB also showed almost s imi la r s igna ls except the 
v a r i a t i o n in chemical s h i f t s of hydroxy f\mction peaks. 
The two protons of both the hydroxy fxmctions (2 x CH-OH) 
appeared in the range of 6 2 .7 -2 .48 , disappeared on D2O 
exchange. On the bas i s of above elemental and s p e c t r a l da ta 
the product was character ized as methyl 9-iiydroxy-l 2( 13)-
(3'merGaptopropan-1 ' - a ce toxy -2 ' - o l ) octadecanoate. 
Charac ter iza t ion of Product (XXXb) 
The product (XXXb) was analysed for C23H..0^3. I t 
only showed the absence of e s t e r band at 1735 cm" in com-
parison with the IR spectrum of XXXa . An add i t iona l band 
at 1710 cm~ was ascribed to carbonyl function of carboxylic 
group. The NMR spectrum gave s imi lar peaks as t h a t of 
XXXa except the disappearance of e s t e r peak at 6 3.68. 
The proton of carboxylic group appeared at 6 9 . 1 . Thus, i t 
i s c lea r from the above da ta tha t the e s t e r group of the 
product (XXXa) i s hydrolysed to give product (XXXb), and was 
character ized as 9-hydroxy-12(13)-(3 ' -mercaptopropan-1 ' -
ace toxy-2 ' -o l ) oetadecanoic ac id . 
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Reaotloh of 3-MerCaDtopror>an-1 ^ 2 - d i o l 
wi th Methyl L i n o l e a t e (XXVII) 
A s i m i l a r t r e a t m e n t of methyl l i n o l e a t e (methyl 
o c t a d e c - £ i s - 9 , 12 -d ienoa te ) (XXVII) wi th 5 -mercap topropan-1 , 
2 - d i o l a s d e s c r i b e d e a r l i e r a f fo rded t h r e e p r o d u c t s on TLC 
p l a t e , out of which two were s e p a r a t e d by column chromato-
graphy (Scheme 1 0 ) . These p r o d u c t s were c h a r a c t e r i z e d by 
e lementa l a n a l y s i s and s p e c t r a l d a t a . 
C h a r a c t e r i z a t i o n of Product (XXXI) 
The produc t (XXXI) ana lysed f o r 02^2^5^' '^^^ "^ ^ 
spectrum d i sp l ayed bands a t 3400-54 50 ( -0H) , 1735 (S-COGH), 
1710 (COOH), 1410 (CJH^-S d e f o r m a t i o n ) , 1220-1250 (GH2-S 
wagging and a c e t y l ) , 1080 and 1040 cm"^ (G-0) . The NMR 
spectrum r e v e a l e d peaks a t 6 5 .3 t (2H, CH=CH), 5.6 m(1H, 
GH-OH), 4 . 1 m (3H, GH-O-GH^) , 3.7 m (1H, Cg-OH) , 3 .0 d(2H, 
GS2-SAC), 2 .3 t (2H, CH-GOOH), 2.1 s (3H, GOGH )^ and 1.3 
b r , s ( cha in CH2) . The IR and NMR s p e c t r a did no t show s i g -
n a l s f o r e s t e r f u n c t i o n , i n d i c a t i n g t h a t t h e e s t e r i s hydro -
l y s e d t o c a r b o x y l i c ac id f u n c t i o n in presence of a c e t i c ac id 
and B E ^ - e t h e r a t e . 
The mass spectrum (Chart - 7) of XXXI did not g ive 
molecular ion peak a t m/z 430 (02311,2053). The h i g h e s t 
fragnient ion was observed at m/z 387 by t h e l o s s of a c e t y l group 
from molecu la r i o n . The o t h e r d i a g n o s t i c peaks a t m/z 57 , 
8 5 , 115, 129, 183 , 305, 319 and 345 confirm t h e compound 
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Scheme 10 
CH, - iCE^)^ - C H = C H - C H 2 - C ! H = C H - (CHj^? ~ COOCH^ 
(XXVII) 
•SH 
•OH 
•OH 
r 
H 
R-CH+ CH-CH2-CH=CH-R' 
0-CH2-CH-CH2SAC 
OH 
A c e t i c a c i d 
B F - j - e t h e r a t e 
120 0 
H 
R-CH-f CH-CH-CH2-CH=CH-R' 
S -CH2-CH-CH2-OAC 
OH 
H 
R-CH=CH-CH2-CH-j- CH-E' 
H,C-CH-HoC-0 
H 
R-CH=CH-CH2-CS-|- CH-R' 
ACOCH2-CH-H2C—S 
OH 
(XZXI) 
XXVII, XXXI, 
XXXI, 
XXXII: 
XXVII: 
XXXII: 
OH 
(XXXII) 
R = CH^-(CH2)4 
R' = (CH2)^-C00CH^ 
R' = (CH2)y-C00H 
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(XXXI) to be a» i somer ic m i x t u r e . The o t h e r impor tan t peaks 
were observed a t m/z 555 (M-SGOGH-), 341 (355-CH2) , 311 (341-
GHOH), 297 (3I I -CH2) , 281 (3II-OH2O), 221 , 219 (26I-OOGH2), 
206, 205 (219-GH2), 189 (206-OH), 175 (I89-GH2), 149 (OCHg-
GH(0H)GH2SAc), 133 (GH2CH(0H)CH2SAc), 7 3 , 57 (G^H^) and 43 
(GOGH,, base peak) . 
The e lementa l composi t ion and s p e c t r a l v a l u e s 
confirmed the produc t (XXXI) a s a mixture of two i somer s , 
where e i t h e r Gg or G. 2 double bond i s d e r i v a t i z e d by 
r e a g e n t . Thus t h e compound (XXXI) i s t h e i somer i c mixture 
of 12(13) - (1 ' o x a p r o p a n - 3 ' - m e r c a p t o a c e t y l - - 2 ' - o l ) ~ o c t a d e c - o i 8 -
9-enoic a c i d and 9 ( 1 0 ) - ( 1 • o x a p r o p a n - 3 ' - m e r c a p t o a c e t y l - 2 ' - o l ) 
o c t a d e c - c i s - 1 2--enoic a c i d . 
G h a r a c t e r i z a t i o n of Product (XXXII) 
The major p roduc t (XXXII) ana lysed f o r G^^^^O^S. I t s 
IR spectrum was almost s i m i l a r to compound (XXXI) . The NMR 
spectrum was more h e l p f u l in a r r i v i n g a t i t s s t r u c t u r e . I t 
e x h i b i t e d peaks a t 6 5.55 m (1H, GH-OH), 5 .3 t (2H, CH=GH), 
4o02 d (2H, CHg-OAc), 3.75 m (1H, GH-OH), 3 .0 m (3H, GH-S-
Gjtig) , 2.1 s (3H, 0G0GH-) and 1.25 b r , s ( cha in CH2). Here 
aga in t h e e s t e r f u n c t i o n i s hydro lysed t o gxve t h e p roduc t 
(XXXII). The major y i e l d of t h i s product can be accounted 
t o the f a c t t h a t s u l f u r has got g r e a t e r t endency to i n -
c r e a s e i t s covalency than oxygen. That i s why the a t t a c k 
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of SH i s p r e f e r r e d in comparison wi th OH'5, The s t r u c t u r e 
of XXXII -was f u r t h e r s u b s t a n t i a t e d by i t s mass spectrum 
(Char t - 8 ) , which showed molecu la r ion peak a t m/z 430 
(C23H^2°5S), a long wi th m/z 587 (M-COCH^) , 372 (M-OCOCH2), 
358 (572-.CH2), 328 (358-CHOH), 279, 277 (319-C0CH2)» 261 
(319-OCOCH2), 189 (247-OCOCH2), 175 ( I89-CH2), 167 (169-2H), 
149 (SCH2CH(0H)CH20Ac, base p e a k ) , 145 (175-ceOH), 129 ( 2 4 7 -
CH,CH(0H)CH20Ac), 95 (129-SH2), 73 (CH2OCOCH3) and 43 
(CH^CO). 
The g e n e s i s of s t r u c t u r e - r e v e a l i n g ions and HMR d a t a 
confirmed t h e product(XXXII) to be t h e i s o m e r i c mix tu re of 
1 2 ( 1 3 ) - ( 3 ' - m e r c a p t o p r o p a n - 1 ' - a c e t o x y - 2 ' - o l ) o c t a d e c - c i s - 9 -
eno ic acid and 9 ( 1 0 ) - ( 3 ' m e r c a p t o p r o p a n - 1 ' - a c e t o x y - 2 ' - o l ) 
oc tadec -c i3~1 2 -eno ic a c i d . 
Reac t ion of 3 - M e r c a p t o p r o p a n - 1 , 2 - d i o l 
w i th Methyl P e t r o s e l i n e a t e (XXVIII) 
The r eac t i on , of 3-mercaptopropan-1 , 2 - d i o l wi th o c t a -
d e c - c i 8 - 6 - e n o a t e (XXVIII) was c a r r i e d out under the same 
c o n d i t i o n s as de sc r ibed e a r l i e r . TLC examinat ion of the 
f i n a l r e a c t i o n mixtvire r evea l ed t h r e e d i s t i n c t and one f a i n t 
s p o t . By f r a c t i o n a t i n g over s i l i c a g e l column, i t gave 
t h r e e TLC homogeneous p r o d u c t s , t h e f o u r t h product escaped 
i s o l a t i o n due t o l a c k of q u a n t i t y (Scheme 1 1 ) . 
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Scheme 11 
R - CH = CH ~ R ' 
(IXVIII) 
rSH 
-OH 
-OH 
B F , - e t h e r a t e 
120°C 
R-CH—CH-R 
CH2-CK-GH2-O 
SAc OH 
(XXXIII) 
XIVI I I , IXXII I , XXXIVa, XXXIVb 
XX7III, XXXIII, XXXIVa 
XXXIVb 
I 
H 
R-CH—CH-R' 
S-CHo-CH-CH^ 
OH OAc 
(XXXIVa, XXXIVb) 
R = 
R' = 
R' = 
CH^-(CH2)^Q 
(CH2)4-C00CH^ 
(CH2)4-C00H 
C h a r a c t e r i z a t i o n of Product (XXXIII^ 
The e l emen ta l suaalysis of compound (XXXIII) c o r r e s -
ponded t o formula Cg^H.gOcS. The IR spectrum d i s p l a y e d 
c h a r a c t e r i s t i c bands a t 3340-3390 (OH), 1740 (SCO-CH_), 
1730 (COOCH^), 1430 (CHj-S d e f o r m a t i o n ) , 1235 ( a c e t a t e and 
CH2-S wagging) , 1070 and 1035 cm~^ ( C - 0 ) . T e n t a t i v e a s s i g n -
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ment of t h e s t r u c t u r e t o t h e product (XXXIII) was a r r i v e d 
at by t h e study of i t s MR spectrum. I t e x h i b i t e d s i g n a l s 
a t 6 5.1 (1H, CH-OH, d i sappea red a f t e r DgO s h a k e ) , 4.1 m 
(3H, CH-O-CH2), 3 .68 m (1H, CH-OH), 2 .98 m (2H, CHg-SAc) and 
2.09 s (3H, SCOCH5). 
The e l emen ta l and s p e c t r a l a n a l y s i s e s t a b l i s h e d t h e 
s t r u c t u r e of XXXIII as methyl 6 ( 7 ) - ( 1 ' - o x a p r o p a j a - 3 ' - m e r c a p t o -
a c e t y l - 2 ' - o l ) o c t a d e c a n o a t e . 
C h a r a c t e r i z a t i o n of Product (XXXIVa) 
M i c r o a n a l y s i s of the product (XXXIVa) gave t h e e l e -
menta l composi t ion as Cp^H.^Oj-S. The IR spectrum gave 
c h a r a c t e r i s t i c bands at 3350-3400 (OH), 1745 (OCOCH,), 1735 
(COOCH,), 1390 (CH2-S de fo rma t ion ) , 1230-1215 (CHg-S wagging 
and a c e t a t e ) and 1135, 1080 and 1030 cm"^ ( C - 0 ) . The NMR 
spectrvtm was more h e l p f u l in t h e c h a r a c t e r i z a t i o n of the 
product (XXXIVa). I t s WiR spectrum showed s i g n a l s a t 6 4 .9 m 
(CH-OH, which d i s appea red on D2O s h a k e ) , 3 .9 t (2H, CH^-OAc) , 
3.73 m (1H, CH-OH), 2.65 m (3H, CH-S-CH2) , 2 .09 s (3H, 
OCOCH,) in a d d i t i o n to the o t h e r u s u a l peaks observed fo r 
f a t t y e s t e r . 
These o b s e r v a t i o n s confirmed t h e s t r u c t u r e of t h e 
i s o l a t e d compound (XXXIVa) as methyl 6 ( 7 ) - ( 3 ' - m e r c a p t o p r o p a n -
1 ' - a c e t o x y - 2 ' - o l ) - o c t a d e c a n o a t e . 
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Character izat ioi i of Product (XXXIVb) 
The product (XXXIVb) was analysed for C23H..OCS. I t s 
IR and NMR values were almost the same as t h a t of the product 
XXXIVa except the disappearance of e s t e r peak at 1755 cm" 
in IR spectrum and 6 3.63 in NMR spectmim. The add i t iona l 
s igna l s were observed a t 1710 (COOH) in IR spectrum and at 
9.3 6 (COOH) in NMR spectrum, ind ica t ing the presence of 
carboxylic group. Thus i t i s c l ea r from the above observa-
t ion tha t the e s t e r of the product (XXXIYb) i s hydrolysed in 
the presence of BF, -e thera te and ace t i c acid , during the 
course of r eac t ion . Therefore, on the bas i s of above obser-
va t ions the product (XXXIVb) was character ized as 6 (7 ) -
(3'mercaptopropan-1 • -ace toxy-2 ' -o l ) -oc tadecanoic ac id . 
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Experimental 
All the melting points were recorded on Kofler 
apparatus and are uncorrected. Infrared (IR) spectra were 
obtained on Perkin Elmer 621 spectrophotometer. Nuclear 
magnetic resonence (NMR) spectra were recorded at 60 MHz 
on a Varian A-60 spectrophotometer and chemical shifts are 
reported as 6 relative to tetramethyl silane (TMS). The 
abbreviations "s, d, t, q, m and br" denote singlet, doublet, 
triplet, quadruplet, multiplet and broad, respectively. 
With a view to limit the size of the thesis, the 
various spectral data necessary for structure determination 
are only discussed. The data normally associated with fatty 
compounds have been deliberately omitted. 
Thin layer chromatography (TLC) plates were coated 
with silica gel G, were usually developed with mixture of 
petroleum ether-ether-acetic acid (80;20:1, v/v/v). The 
spots were visualized by charring after spraying with 20?^  
aqueous solution of perchloric acid. Column chromatography 
was carried out with silica gel using 50-40 gm per gm of 
material to be separated. Elution was usually affected with 
petroleum ether containing increasing proportion of ether. 
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The s t a r t i n g m a t e r i a l s used were e i t h e r of commercial 
grade [ l O - u n d e c e n o i c . o c t a d e c - c i s - 9 - e n o i c ( o l e i c ) and o c t a -
d e c - c i s - 9 , 1 2 - d i e n o i c ( l i n o l e i c ) a c id s ] or i s o l a t e d from 
n a t u r a l sources ( r i c i n o l e i c , i s o r i c i n o l e i c and p e t r o s e l i n i c 
a c i d s ) . 
P r e p a r a t i o n / i s o l a t i o n of S t a r t i n g M a t e r i a l s 
P r e p a r a t i o n of methyl 10,11-epoxyundecanoate (X) 
and methyl c i3~9,1O~epoxyoctadecanoate (XIX) 
5 m mole , each of methyl 10-undecenoate (IX) and 
methyl c i jB-9-octadecenoate (XVIII) r e a c t e d wi th m - c h l o r o p e r -
benzo ic ac id (5 m mole) i n chloroform (150 ml) a t room 
t empera tu r e for 4 h o u r s . The epoxy e s t e r s , r ecove red by 
e t h e r e x t r a c t i o n in almost q u a n t i t a t i v e y i e l d , was p u r i f i e d 
by column chromatography 
IR ( N e a t ) ; 840 and 820 cm" for epoxy group. 
NMR (CDCl,); 6 2.8 fo r epoxy p r o t o n s . 
I s o l a t i o n of R i c i n o l e i c and I s o r i c i n o l e i c Acids 
R i c i n o l e i c ( 12 -hyd roxyoc t adec -c i s -9~eno i c ) and i s o -
r i c i n o l e i c (9 -hydroxyoc tadec-c i s -12- -eno ic ) a c i d s were i s o -
l a t e d from c a s t e r ( R i c i n u s commvmis) and Wr igh t i a t i n c t o r i a 
seed o i l s r e s p e c t i v e l y , fo l lowing t h e Guns tone ' s p a r t i t i o n 
74 / 
method . The i r methyl e s t e r s (XXV and XXVI) were p repared 
by t h e u s u a l me thy l a t i on method (H /CH^OH), 
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I s o l a t i o n of P e t r o s e l i n l c Acid 
P e t r o s e l i n i c (octadec-Gis-S-enoic) acid was i s o l a t e d 
from Ajwain (Carum capticum) seed o i l following the proce-
75 dure adopted by Farooq et_ a l . Corresponding methyl e s t e r 
(XXVIII) was obtained by usual method. 
Reaction of Methyl 10>11-epoxy\mdecanoate (X) 
with A c e t o n i t r i l e 
The reac t ion of methyl 10,11-epoxyundecanoate (5 m 
mole) and a c e t o n i t r i l e (15 ml) in presence of BF,-e thera te 
(5 m mole) was carr ied out by s t i r r i n g a t room temperature 
1 f> for 5 h r s , as described by Smith et_ a l . The course of 
reac t ion was monitored by TLC. The f i na l reac t ion mixture 
gave two spots on TLC p l a t e . The o i ly product was chromato-
graphed on s i l i c a ge l . Elut ion with petroleum e the r - e the r 
(90:10; v/v) yielded 2-methyl 5-carbomethoxynonyl-2-oxazo-
l i n e (XI) as viscous l iqu id {62.^fo). 
Analysis ; found: C, 65.73; H, 9.99; N, 5.60^; calcd. for 
C^^H^^O^N: C, 65.85; H, 9.86; N, 5.48%. 
IR (Neat): 1735 (COOCH^), 1665 (C=N), 1370 (C-N stretching) 
and 1210, 1190 and 1080 cm""^  (C-0). 
NMR (CDCl^): 6 1.8 s (3H, CH^ attached to oxazoline ring), 
3.4 d (2H, CH^-N, J = 3.5 Hz) and 4.0 m (1H, CH-0). 
MS: 255 (molecular ion peak). 
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The second f r a c t i o n c o l l e c t e d by e l a t i o n wi th p e t r o -
leum e t h e r - e t h e r ( 8 2 : 1 8 ; v /v) gave s o l i d methyl I0 -hydroxy-
11-acetamidoundecanoate ( X I I , 30^) which on c r y s t a l l i z a t i o n 
in petroleiun e t h e r - e t h e r (2 :1 ) gave white c r y s t a l s , m.p. 
69.5°C. 
A n a l y s i s ; found: C, 61 ,44 ; H, 9 . 8 3 ; N, 5.25^o; c a l c d . fo r 
G14H27O4N: C, 6 1 . 5 1 ; H, 9 . 9 5 ; N, 5 .12^ . 
IR ( N e a t ) : 3370-3420 (OH), 3290 (-KH s t r e t c h i n g ) , 1735 
(CP.0CH,) , 1645, (NHCOCH )^ , U 6 5 (C-N) and 1370 (C-N s t r e t c h -
ing) . 
NMR (CDCl^): 6 2 .0 s (3H, NHCOCH^), 2 .8 m (1H, CH-OH, d i s -
appeared a f t e r D2O s h a k e ) , 3 .5 d (2H, CH2-N, J = 3.0 Hz) , 
3 .97 m (1H, qi-OH) and 6.62 m (1H, NH, d i s appea red on D2O 
shake) . 
MS: 273 M'^  
Reac t ion of Methyl 10^ 11-epoxyundecanoate (X) 
wi th P r o p i o n i t r i l e 
Methyl 10,11-epoxyundecanoate (X) (5 m mole) and 
B F , - e t h e r a t e (5 m mole) i n p r o p i o n i t r i l e (15 ml) were s t i r r e d 
at room t e m p e r a t u r e . The r e a c t i o n was completed i n about 50-
60 minutes as evidenced by TLC. Af te r the u s u a l work up t h e 
f i n a l r e a c t i o n mix ture gave two d i s t i n c t spo t s on TLC. The 
r e a c t i o n mix ture was chromatographed over s i l i c a g e l colvimn. 
E l u t i o n with petrolexim e t h e r - e t h e r ( 9 0 : 1 0 ; v /v ) gave 2 - e t h y l 
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5-carbomet l ioxynonyl-2-oxazol ine (XI I I ) , y e l l o w i s h o i l y 
product (58.69S). 
Analysis; found: C, 66.99; H, 10.00; N, 5.33?^ ; calcd. for 
^15^27°3^' ^' ^^-S^' ^' 10.10; N, 5.2?^ . 
IR ( N e a t ) : 1655 (C=N) and 1440 and I565 cm" (C-N). 
NMR (CDCl,) : 6 1.84 q (2H, CH,-CH2 a t t a c h e d t o t h e oxazo l ine 
r i n g , J = 6.0 Hz) , 3.39 d (2H, CHg-N, J = 4 .0 Hz) , 3.94 m 
(1H, CH-0) and 1.0 t (3H, CH^-CH2 a t t a c h e d t o t h e o x a z o l i n e 
r i n g ) . 
MS: 269 M"^  
Subsequent e l u t i o n w i th a mix tu re of pe t ro leum e t h e r -
e t h e r (83 :17 ; v /v) af forded methyl 10 h y d r o x y - 1 1 - p r o p i o -
amidoundecanoate (XIV), which was c r y s t a l l i z e d i n pe t ro leum 
e t h e r - e t h e r (2 :1) as t h e whi te c r y s t a l s (32.7?^; m.p. 72 .5°C) . 
A n a l y s i s ; found: G, 62 .60; H, 10 .28 ; H, A.SSfo; c a l c d . fo r 
^15^29°4^- ° ' 62 .69 ; H, 10 .17 ; N, 4.87/». 
IR (Neat): 3370-3400 (OH), 3200 (-NH), 1650 (NH-CO). 
NMR (CDCl^): 6 1.98 m (2H, HN-CO-CHg), 3.55d (2H, CH2-N, 
J = 3.0 Hz), 3.8 m (1H, CH-OH), 4.85 (1H, CH-OH, disappeared 
after DjO shake), 5.5 m (1H, HN) and 1.05 t (3H, NH-CO-CHj-
% ) • 
Reaction of Methyl 10,11-epoxyundecanoate (X) 
with Benzonitrile 
A similar reaction of methyl 10,11-epoxyundecanoate, 
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(X), (5 m mole) with benzon i t r i l e (15 ml) in presence of 
BF,-e thera te (5 m mole) was completed in 5 hours at room 
temperature. F ina l work up yielded an o i ly substance, 
which showed two d i s t i n c t and one fa in t spots on TLC. The 
reac t ion mixture was chromatographed over s i l i c a ge l column. 
Elut ion with a mixture of petroleum e the r - e the r (90:10; v/v) 
afforded 2-phenyl 5-carbomethoxynonyl-2-oxazoline (XV, 
65.2%). 
Analysis; found: C, 72.00; H, 8.69; N, 4.34^; calcd. for 
C^ gHg-jO^ N: G, 71.89; H, 8.57; N, 4.41%. 
IR (Neat): 3080 (C-H stretching, aromatic), 1660 (C=N), 1455, 
1480 and 1600 (benzene ring stretching), 1440, 1360 (C-N) 
and 735 cm~ (=C-H wagging). 
M R (CDCl^): 6 3.47 d (2H, CHg-N, J = 3.5 Hz), 3.95 m (1H, 
CH-0) and 7.5 m (5H, CgH^). 
Subsequent elution with a mixture of petroleum ether-
ether (80:20; v/v) afforded second product, methyl 10-hyd-
roxy-11-benzamidoundecanoate (XVI, 30.9%), which on crys-
tallization gave sharp white crystals (m.p. 87.5°C). 
Analysis; found: C, 68.17; H, 8.65; N, 4.11%; calcd. for 
^19^29^4^- °' 68.03; H, 8.71; N, 4.17%. 
IR (Neat): 3380-3410 (OH), 3275 (-NH stretching), 3070 (C-H 
stretching, aromatic), 1650 (NH-CO), 1450, 1370 (C-N) and 
720 cm" (=C-H wagging). 
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NKR (CDCl,) : 6 2 .9 m {1H, CH-OH, D2° exchangeab l e ) , 3.52 d 
(2H, CH2-N, J = 3 .0 Hz) , 3.79 m (1H, CH-OH), 5.1 m (1H, C-NH, 
DpO exchangeable) and 7 .53 m (5H, CgHj-) . 
Reac t ion of Methyl 10,11-epoxyundecanoate (X) 
wi th p - t o l u e n e s u l f o n y l i aocyana te 
A s o l u t i o n of p - t o l u e n e s u l f o n y l i s o c y a n a t e (5 m mole) 
in d imethyl foramide (10 ml) was added dur ing 30 minutes to 
methyl 10,11-epoxyundecanoate (X) ( 5 m mole) and l i t h i u m 
c h l o r i d e (0 .5 gm) i n b o i l i n g DMF. The mix ture was hea ted 
under r e f l u x f o r 5 hours and t h e so lven t was removed t o 
y i e l d an o i l y product which gave t h r e e s p o t s on TLC. The 
o i l y product was chromatographed on s i l i c a g e l . E l u t i o n 
wi th pet roleum e t h e r - e t h e r (90 :10 ; v /v ) y i e l d e d 5~carboxy-
m e t h y l - o c t y l - 2 - o x a z o l i n e as a v i s c o u s l i q u i d {25'fo) . 
A n a l y s i s ; found: C, 60 .79 ; H, 9 . 1 3 ; N, 5 .59^; c a l c d . f o r 
C^^H^^O^N: C, 60 .68 ; H, 9 . 0 1 ; N, 5.AAfo, 
IR ( N e a t ) : 3350 (NH), 1780 ( r i n g c a r b o n y l ) , 1400 (C-N). 
MR (CDCl^): 6 3 .35 d (2H, N-CHg, J = 3 .0 Hz) , 3.95 m (1H, 
CH-0) and 4 .9 m (1H, C-NH). 
F r a c t i o n c o l l e c t e d by e l u t i o n w i th pet roleum e t h e r -
e t h e r (83 :17 ; v /v ) gave methyl N - p - t o l u e n e s u l f o n y l - 5 - c a r b o x y -
methyl o c t y l - 2 - o x a z o l i d o n e (XXI, 50?^). 
A n a l y s i s ; fovmd: C, 5 8 . 2 ; H, 7 .22 ; N, 3 .54 ; c a l c d . fo r 
^20^29°6^^- ° ' 58 .37 ; H, 7 . 1 ; N, 3.4/o. 
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IR (Neat): 5090 (C-H stretching, aromatic), 1785 (ring carbo-
nyl), 1600, 1490, U40 (benzene ring stretching), 1370 (C-N) , 
1155 (SO2N), and 740 cm"' (=C-H wagging). 
NKR (CDCI5): 6 3.32 d (2H, CH^-N, J = 3.0 Hz), 2.42 s (3H, 
Ph-CH,), 3.92 m (1H, CH-0) and 7.23 br, m (four aromatic 
protons). 
MS: 411 K"^  
The t h i r d f r a c t i o n ( r S I I ) ob ta ined by e l u t i o n wi th 
pet ro leum e t h e t - e t h e r ( 7 8 : 2 2 ; v /v ) gave methyl 10 hydroxy-
11 -p - to luenesu l fonamidoundecanoa te (1 Ifo) . 
Analysis; found: C, 59.05,- H, 8 . 2 3 ; N, 3 . 7 ^ ; c a l c d . f o r 
C^gH^^O^NS: C, 59 .19 ; H, 8 . 1 1 ; N, 3.63/^. 
IR ( N e a t ) : 3380-3420 (OH), 3180 (NH), 3050 (C-H s t r e t c h i n g , 
a r o m a t i c ) , 1470, 1575 (benzene r i n g s t r e t c h i n g ) , 1350 (C-N), 
1150 (NSOj) and 750 cm"^ (=C-H wagging) . 
NMR iCDCl^): 6 2 .4 s (3H, Ph-CH^), 2 .85 m (1H, CH-OH, ex -
changeable with Dg^ s h a k e ) , 3.5 d (2H, 0^2'^' "^  ^ ^'^ ^^^ • 
3.94 m (1H, CH-OH), 6.15 m (1H, NH, D2O exchangeable) and 
7.25 b r , m ( f o r four a romat ic p r o t o n s ) . 
MS: 385 M"*"* 
Reac t ion of Methyl c i3 -9 ,1O-epoxyoc tadecanoa te (XIX) 
with p - t o l u e n e s u l f o n y l i s o c y a n a t e 
A s i m i l a r t r e a t m e n t of methyl c i s - 9 , 1 0 - e p o x y o c t a d e c a -
noa te (XIX) (5 m mole) w i th p - t o l u e n e s u l f o n y l i s o c y a n a t e 
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(5 m mole) i n p re sence of lithi-om c h l o r i d e ( 0 . 5 gm) afforded 
a brownish v i s c o u s o i l y p roduc t . The r e a c t i o n mix ture 
showed two spo t s on TLC p l a t e and chromatographed over 
s i l i c a g e l column then e l u t e d wi th petrolevun e t h e r . E l u t i o n 
wi th pet roleum e t h e r - e t h e r ( 90 :10 ; v /v ) y i e l d e d i s o m e r i c 
mix ture methyl N - p - t o l u e n e s u l f o n y l - 4 ( 5 ) - c a r h o x y m e t h y l h e p -
t y l e - 5 ( 4 ) - o c t y l - 2 - o x a z o l i d o n e (XXIII , 55?^). 
A n a l y s i s ; found; C, 63 .53 ; H, 8 . 6 5 ; N, 2.83/°; c a l c d . fo r 
Q^rjB O^nS: C,, 63 .62; H, 8 . 5 ; N, 2.75/o. 
IR ( N e a t ) : 3050, 1590 (benzene r i n g s t r e t c h i n g ) , 1775 ( r i n g 
carbonyl) , 1375 (C-N) and 1150 cm""" (SO2N). 
NMR (CDCl^): 6 3 .3 m (1H, CH-NSO2), 2 .46 s (5H, Ph-CH^), 
3 .97 m (1H, CH-0), 7.23 b r , m ( f o r fou r a romat i c p r o t o n s ) . 
Success ive e l u t i o n wi th petrolexom e t h e r - e t h e r (80 :20 ; 
v /v) y i e l d e d i s o m e r i c m i x t u r e , methyl 9 ( 1 0 ) - h y d r o x y - l O ( 9 ) -
p - to luenesu lphonamidooc tadecanoa te (XXTV, 33%). 
A n a l y s i s ; found: C, 64 .43 ; H, 9 .45 ; N, 3 .00^ ; c a l c d . fo r 
CjgH^^O^NS: C, 64 .56; H, 9-38; N, 2.89?S. 
IR ( N e a t ) : 3350 (OH), 3200 (NH), 306o, 1580 (benzene r i n g 
s t r e t c h i n g ) , I360 (C-N) and 1155 cm"'' (NSOg) • 
NMR (CDCl^): 6 2.38 e (3H, Ph-CH^), 3 .45 m (1H, CH-N), 3.94 
m (1H, CH-OH), 3.79 m (1H, CH-OH), 5.69 m (1H, NH), 7 .19-25 
b r , m ( four p r o t o n s f o r a romat ic r i n g ) . 
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Reaction of 3-Mercaptopropaa-1,2-diol 
with Olefinic Acid 
General Procedure 
The subs t ra te (5 m mole) in g l a c i a l a c e t i c acid 
(20 ml) vas t r ea t ed with 3-mercaptopropan-1,2-diol (5 m mole) 
in presence of few drops of BF^-etherate at 20 C. The r e a c -
t i on was monitored by TLC and took about 30 min. for the 
complete conversion. The reac t ion mixture was worked up by-
adding water and then extracted with e the r . The e the rea l 
layer was successively washed with 5?^  sodium bicarbonate 
solut ion and f i n a l l y with water. The e the rea l layer was 
dr ied over anhydrous sodium sulphate and evaporation of 
e ther afforded respec t ive reac t ion showing d i f fe ren t spots 
on TLC p la t e (petroleum e t h e r - e t h e r - a c e t i c ac id , 80 :20 :1 ; 
v/v/v) . 
Reaction of 3-Mercaptopropan-1,2-diol 
with Methyl Ricinoleate (XXV) 
The reac t ion mixture obtained by the r eac t ion of 
methyl r i c i n o l e a t e (5 m mole) with 3-mercaptopropan-1,2-diol 
(5 m mole) showed two d i s t i n c t spots and one fa in t spot on 
TLC p la te and chromatographed over s i l i c a gel col\imn. Elu-
t i on with petroleum e the r -e the r (82:18; v/v) yielded methyl 
12-hydroxy-9(10)-(3 ' -mercaptopropan-1 ' -acetoxy-2 ' -o l )octa-
decanoate (IXIXa) as a viscous l iqu id (50^). I t r e s i s t e d 
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a l l a t t e m p t s of c r y s t a l l i s a t i o n . 
A n a l y s i s ; found: C, 62 .30; H, 9.92fo; c a l c d . for C24H^50gS: 
C, 62 .34 ; H, 9.96?S. 
IR (Neat): 3400-3450 (2 x CH-OH), 2920 (CH2-S, asymmetric 
stretch), 2840 (GH2-S symmetrical stretch), 1745 (OCOCH^), 
1730 (COOCH,), 1410 (CHg-S deformation), 1240 (acetate) and 
1220 cm~ (CHp-S wagging). 
NMR (CDCL,): 6 6 . 7 - 6 . 3 b r , s (2 x CH-OH d i s t i n g u i s h e d on D2O 
s h a k e ) , 4 .06 m (2H, CHj-OAc), 3 .68 s (3H, COOCH^), 3 .8 m 
(2H, 2 X CH-OH), 2 .9 m (3H, CH-S-CH2) and 2.1 s (3H, OCOCH^). 
MS: 462 M+ 
The subsequent f r a c t i o n s c o l l e c t e d by e l u t i o n wi th 
pe t ro leum e t h e r - e t h e r ( 7 7 : 2 3 ; v /v) gave a hydrolysed product 
d e s i g n a t e d as 1 2 - h y d r o x y - 9 ( 1 0 ) - ( 3 ' - m e r c a p t o p r o p a n - 1 ' - a c e t o x y -
2 ' - o l ) o c t a d e c a n o i c ac id (XZIXb) as a v i s c o u s l i q u i d (35%). 
A n a l y s i s ; found: C, 6 1 . 5 1 ; H, 9.74%; c a l c d . fo r C23H..0gS: 
C, 61 .61 ; H, 9.82%. 
IR ( N e a t ) : 3400-3450 (COOH and 2 x CH-OH), 2910 (CH2-S 
asjrmmetric s t r e t c h ) , 2835 (CH2-S symmetric s t r e t c h ) , 1745 
(OCOCH^), 1710 (COOH), 1390 (CH2-S deformat ion) and 1230-
1215 cm" (CH2-S wagging and a c e t a t e ) . 
NMR (CDCI5): 6 9.45 s (COOH), 4 .9 b r , s (2H, 2 x CH-OH d i s -
t i n g u i s h e d a f t e r DgO s h a k e ) , 4.02 m (2H, CH2-OAC), 3.76 m 
(2H, CH2-OH), 2 .68 m (3H, CH-S-CH2) and 2.1 m (3H, OCOCH,). 
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Reac t ion of 3~Mercaptopropan-1 ,2--diol 
v l t h Methyl I s o r l c l n o l e a t e (XXYI^ 
Methyl i s o r i c i n o l e a t e (XXVI) (5 m mole) on t r e a t m e n t 
w i th 5 - m e r c a p t o p r o p a n - 1 , 2 - d i o l (5 m mole) af forded a yel low-
i s h v i s c o u s o i l , which showed two d i s t i n c t s p o t s on TLC 
p l a t e . The o i l y crude product was chromatographed over 
s i l i c a g e l . The e l u t i o n with pe t ro leum e t h e r - e t h e r ( 8 0 : 2 0 ; 
v /v ) y i e l d e d methyl 9 - h y d r o x y - 1 2 ( 1 3 ) - ( 3 ' - m e r c a p t o p r o p a n - 1 ' -
a c e t o x y ~ 2 ' o l ) o c t a d e c a n o a t e (XXXa, 6 8 . 7 ^ ) . I t a l so de f i ed 
a l l a t t e m p t s of c r y s t a l l i z a t i o n . 
A n a l y s i s ; found: C, 62 .25 ; H, 9 .84^ ; c a l c d . f o r C2AE.^0^S: 
C, 62 .34 ; H, 9.96?^. 
IR ( N e a t ) : 3340-3390 (OH), 1750 (OCOCH^), 1735 (COOCE^), 
2920 (CHg-S, asymmetric s t r e t c h ) , 2840 (CHg-S symmetric 
s t r e t c h ) , 1420 (CH^-S deformat ion) and 1240-1230 cm"'' (CHp-S 
wagging and a c e t a t e ) . 
NMR (CDCI3): 6 2 . 7 - 2 . 4 b r , s (2H, 2 x CH-OH, DgO exchange-
a b l e ) , 4.1 m (2H, CHg-OAc), 3 .8 m (2H, 2 x CH-OH), 3.64 s 
(3H, COOCH5), ^ ' ^ ^ "^  ^^^ ' CH-S-qi2) and 2 .19 -2 .09 m (5H, 
CH -^COOCH^ + OCOCH^). 
The second minor hydrolysed product (23.3?S), 9-hyd-
roxy-1 2( 1 3) -(3 ' -mercaptopropaaa-1 ' -acetoxy-2' -ol) octadecanoic 
acid (XXXb) was collected on elution with petroleum ether-
ether (74:26; v/v) as a viscous oil. 
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Analysis; found: C, 61.54; H, 9.71%; calcd. for C23H^^0gS: 
C, 61 .61 ; H, 9.825^ . 
IR ( N e a t ) : 3540-3400 (COOH and 2 x CH-OH), 1755 (OCOCH^), 
2915 (CHp-S asymmetric s t r e t c h ) , 2835 (CH2-S symmetric 
s t r e t c h ) , 1710 (COOH), 1410 (CHg-S deformat ion) and 1240-
1230 cm"" (CHp-S wagging and a c e t a t e ) . 
MR (CPCl , ) : 6 9.1 s (COOH), 4 . 8 - 4 . 6 h r , s (2H, 2 x CH-OH, 
DgO exchangeab le ) , 4 .05 m (2H, CHg-OAc) , 3.75 m (2H, 2 x 
CH-OH), 2.6 m (3H, CH-S-CH2) and 2 .14 -2 .09 m (5H, CHj-COOH 
and OCOCH,). 
React ion of 3 -Mercap top ropan -1 ,2 -d io l 
wi th Methyl L i n o l e a t e (XXVII) 
A s i m i l a r t r e a t m e n t of methyl l i n o l e a t e (XXTII) (5 m 
mole) with 3 - m e r c a p t o p r o p a n - 1 , 2 - d i o l (5 m mole) af forded a 
brownish v i s cous o i l a f t e r f i n a l work up . The o i l y product 
on s i l i c a g e l colvimn chromatography r e s o l u t i o n u s i n g p e t r o -
leum e t h e r - e t h e r a s e l u a n t , y i e l d e d two p r o d u c t s wi th very 
c lose R^ v a l u e s . 
The minor product (20.8?^) was ob ta ined as an insepa-^ 
r a b l e i somer ic mix tu re of 1 2 ( 1 3 - ( 1 » - o x a p r o p a n - 3 ' - m e r c a p t o -
a c e t y l - 2 ' - o l ) o G t a d e c - c i s - 9 - e n o i c ac id and 9 ( 1 0 ) - ( 1 ' - o x a p r o -
p a n - 3 ' - m e r c a p t o a c e t y l - 2 ' - o l ) o c t a d e c - o i £ - l 2 - eno ic ac id (XXXI) 
by u s i n g petroleum e t h e r - e t h e r (83 :17 ; v /v ) as an e l u a n t . 
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A n a l y s i s ; found: G, 64 .15 ; H, 9 . 6 8 ^ ; ca l cd , for C23H42°5^-
C, 64 .29 ; H, 9.11'fo. 
IR (N.eat): 3400-3450 (COOH) , 1735 (OCOCH )^ , 1710 (COOH) , 
1410 (CHg-S deformat ion) and 1220-1250 cm" (CHj-S wagging 
and a c e t y l ) . 
mm (CDCl^): 6 s (1H, COOH), 5.3 t (2H, CH=CH) , 5.6 m (1H, 
CH-OH d i sappeared on D^O s h a k e ) , 4.1 m (3H, CH-O-CHg)» 3.7 
m (1H, CH-OH), 3.0 m (2H, CHg-SAc) and 2.1 s (3H, OCOCH^). 
MS: 430 M"^  
The subsequent e l u t i o n wi th pet ro leum e t h e r - e t h e r 
( 8 1 : 1 9 ; v /v ) gave t h e i n s e p a r a b l e mix ture of i somer i c p r o -
d u c t s , 1 2 ( 1 3 ) - ( 3 ' - m e r c a p t o p r o p a n - 1 ' - a c e t o x y - 2 ' - o l ) o c t a d e c -
c i s - 9 - e n o i c ac id and 9 ( 1 0 ) - ( 3 ' - m e r c a p t o p r o p a n - 1 ' - a c e t o x y - 2 ' 
o l ) o c t a d e c - c i s - 1 2 - e n o i c ac id (XXXII, 60.1^) a s t h e major 
compound. 
A n a l y s i s ; found: C, 6 4 . 1 1 ; H, 9 . 7 1 ^ ; c a l c d . f o r C23H42O5S: 
C, 64 .25 ; H, 9.795^. 
IR ( N e a t ) : 3390-3430 (OH), 2920 (CH2-asymmetric s t r e t c h ) , 
2835 (CH2-S symmetric s t r e t c h ) , 1745 (OCOCH,), 1715 (COOH), 
1400 (CHg-S defoiTnation) ajid 1220-1205 cm~^ (CHg-S wagging 
and a c e t a t e ) . 
NMR (CDCl^): 6 9.75 s (1H, COOH), 5.30 t (2H, CH=CE), 5.55 
m (1H, CH-OH, DjO exchangeab le ) , 4 .02 m (2H, CHj-OAc), 3-75 
(1H, CH-OH) and 3.0 m (3H, CH-S-CH^) . m 
MS; 340 M"^  
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Reac t ion of 3 -Mercap top ropan -1 ,2 -d lo l 
v i t h Methyl P e t r o s e l i n e a t e (XXVIII) 
A s i m i l a r r e a c t i o n of methyl oc t adec - -c i s -6 -enoa te 
(XXVIII) (5 m mole) i n a c e t i c ac id (20 ml) wi th 3 -mercap to-
p r o p a n - 1 , 2 - d i o l (5 m mole) y i e l d e d an o i l y s u b s t r a t e , which 
showed t h r e e d i s t i n c t s p o t s on TLC. The r e a c t i o n mixture 
was chromatographed over s i l i c a g e l column. 
E l u t i o n with pet ro leum e t h e r - e t h e r ( 90 :10 ; v /v) gave 
an i somer ic mix ture of methyl 6 ( 7 ) - ( 1 ' - o x a p r o p a n - 3 ' - m e r c a p -
t o a c e t y l - 2 ' - o l ) o c t a d e c a n a t e (XXXIII, 2 3 . 1 ^ ) . 
A n a l y s i s ; found: C, 6 4 . 6 3 ; H, 10.45^; c a l c d . f o r C^^E.^O^S: 
0, 64.51 ; H, 10.37?^. 
IR ( N e a t ) : 3340-3390 (OH), 1740 (SCOCH^), 1730 (COOCH^), 1 
1430 (CH2-S deformat ion) and 1235 b r , cm~^ ( s c e t a t e and 
CHg-S wagging). 
NMR (CDCI5): 6 5.1 m (1H, CH-OH, d i sapp eared a f t e r D^O 
shake ) , 4.1 m (3H, CH-O-CHg), 3.68 m (1H, CH-OH), 3.58 s 
(3H, COOCH^), 2 .98 m (2H, CHj-SAc) and 2.09 s (3H, SCOCH,). 
Subsequent e l u t i o n wi th pe t ro leum e t h e r - e t h e r ( 8 5 : 1 5 ; 
v /v ) y i e l d e d an i somer ic m i x t u r e , methyl 6 ( 7 ) - ( 3 • - m e r c a p t o -
p r o p a n - 1 • - a c e t o x y - 2 > - o l ) - o c t a d e c a n o a t e (XXXIVa, 20, 
A n a l y s i s ; found: G, 64 .67 ; H, 10.47?S; c a l c d . fo r C , , H , ^ 0 , S : 
24 46 5 
C. 64 .53 ; H, l0.39?^o. 
IR (Nea t ) : 2935 (CH2-S asymmetric s t r e t c h ) , 2840 (CHp-S 
128 
symmetric s t r e t c h ) , 1745 (OCOCH^), 1735 (COOCH^), 1390 
(CHp-S deformat ion) and 1230-1215 cm" (CHg-S wagging and 
a c e t a t e ) . 
mm (CDCl,) : 6 4 .9 m (1H, GH-OH, ^2° exchangeab le ) , 3 .9 m 
(2H, CHg-OAc), 3.73 m (1H, CH-OH), 3 .63 s (3H, COOCH^), 
2.65 m (3H, CH-S-qig) and 2.09 s (3H, OCOCH )^ . 
The subsequent f r a c t i o n c o l l e c t e d by e l u t i o n v i t h 
pet roleum e t h e r - e t h e r ( 8 0 : 2 0 ; v /v) a f forded an i s o m e r i c 
6 ( 7 ) - ( 3 ' - m e r c a p t o p r o p a n - l ' - a c e t o x y - 2 ' - o l ) - o c t a d e c a n o i c ac id 
(XZXIVb, A5fo). 
A n a l y s i s ; found: C, 63 .96 ; H, 10 .66^ ; c a l c d . fo r C2-?H..0t-S: 
C, 63 .85 ; H, 10.51%. 
IR ( N e a t ) : 3400-3450 (OH), 29I5 (CHg-S asymmetric s t r e t c h ) , 
2840 (CHg-S symmetric s t r e t c h ) , 1740 (OCOCH,) , 1710 ("COOH), 
1415 (CH2-S d e f o r m a t i o n ) , 1220 (CH2-S wagging) and 1210 cm"^ 
( a c e t a t e ) . 
MR (CDCl^): 6 9.3 s (1H, COOH), 5.0 m (1H, CH-OH, D^O ex -
c h a n g e a b l e ) , 3.9 m (2H, CH2-OAC), 3.75 m (1H, CH-OH), 2.68 
m (3H, CH-S-CHg) and 2.11 s (3H, OCOCH^). 
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